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THE 


PREFACE 


Goin Part of the enfolt Treatiſe was ſome 

Years ago drawn up for my own Uſe in teach- 

ing wme young Gentlemen, who had not a Conve- 

niency or Opportunity to ſearch into different Au- 

thors that have treated on this Subject: The Parti- 
culars of the following Sheets are as follows ; 


IJ. Decimal Arithmetic, Extraftion of the Square and 


Cube Roots, being neceſſary to all thoſe who are in- 
clined to proceed regularly in attaining this uſeful 
Branch of Knowledge. 
II. Menſuration of Planes and $:lids, and the Me- 
thod of computing the Strength of Timber Joiſts, 
whether Oak, Elm, Beech, or Fir; and it muſt be 
here ſuppoſed that the Timber is homogeneous, and 
of the ſame Goodneſs as thoſe Pieces "Mr &merſou 
made his Experiments with, or elie a proper Allow- 
| ance muſt be made for the Detect. 
III. The uſual Rules for finding the IWeight and 


Diameters of Bull.ts, whether Lead or Iron; the re- 


quiſite Charges of Powder for any Piece of Artillery 


of any given Dimenſions, and for eſtimating the 
Quantity of Powder for Bomb Shells. 


IV. The neceſſary Problems and Theorems in the 
Elements of Geometry, demonſtrated in a very eaſy and 
ſhort Way, as may be comprehended by any Perſon, 


without the Help of a Maſter, 
V. Legarithmical Arithmeitc, ſhewing the Nature 
and Uſe of Logarithms ; with Plane Trigonometry ſolv- 
ed in all its Cafes, illuſtrated with proper Examples, 
the Uſefulneſs whereof is fo great 1 in all Parts of the 
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5 
Mathematics, that the moſt important and uſeful 
Parts of Knowledge would be quite loſt, if Men 
were deſtitute of it; for the Engineer would make 
but a deſpicable Figure when he came to take the 
Meaſures of Heights and Diſtances, whether acceſſi- 
ble or inacceſſible, or for laying down Plans of For- 
tification on the Ground, computing the Capitals, 
Curtains, Flanks, Faces, Lines of Defence, c. if 
he was ignorant of Trigenometr . OR 5 
VI. The Reader will find ſeveral Examples for 
meaſuring Heights and Diſtances and at one Station, 
all done by Plane Trigonometry. Te © EH 

VII. The Theory of Practical Gunnery, wherein 
the Doctrine of Projectiles is illuſtrated in a Multi- 
tude of the moſt uſeful Problems that can occur, with 
numeral Examples to each; and to make it more 
plain and uſeful to Perſons of but an ordinary Capa- 

city, J have given the Rules to every Problem in 
Words at length, whether the Projections be hori- 
zontal, or thoſe made on aſcending or deſcending 
Planes; all which is deſigned more for thoſe Perſons 
who have not Skill and Abilities in the Mathematics, 
than for thoſe who are furniſhed with Mathematical 
Knowledge ſufficient to underſtand the learned Tracts 
on this Subject, and made farther Advances in the 
Elements of the higher Geometry. Yet, 5 
VIII. For the Sake of my more ingenious Readers 


I have added what the celebrated Mr Cotes has wrote 


on Projectiles, done into Engliſʒ from his Harmonia 
AHenſurarum, where they will find this Subject ele- 
gantly handled by this Author; to which I have an- 
nexed two general Scholia on Projectiles, of the 
learned Mathematician Mr Emerſen, taken ſrom his 
Mechanics with his own Conſent, and illuſtrated them 
with Examples. I took this Method, becauſe man 
of the Problems in Gunnery were wrote before his 
Principles of Mechanics were publiſhed, and by theſe 
two Scholia the Solution of every Problem was a 
an 
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Ba 
and the Anſwers very exactly agreed; ſo that I am 
in no Concern what ſome Perſons may ſay of this 
Performance; but how falſly and unjuſtly were his 
Princples of Mechanics cenſured and reprehended by 
a Set of Writers that did not underſtand the Subject, 
(is manifeſt from their own Performances) which is 
allowed by proper Judges to be the beſt Book of Me- 
chanics that was ever publiſhed. | 
IX. The next Part treats of Experiments ranged 
into Tables; theſe Experiments were made with 
Cannon and Mortars, and Calculations were made 
thereon from the Principles of the immortal Sir 1/aac 
Newton, by D. Bernoulli and A. Gunther : This Me- 
Mmoir, quoted by Mr Robins in his New Principles of 
Cunnety, is printed in Latin, and was fo communi= 
cated to me by my much honoured and eſteemed 
Friend Mr Pe lien 2. F. R. 8. and Mathematical Ma 
ter of Chri/t's Hoſpital ; a particular Account of this 
Memoir is inſerted at the Concluſion of this Work. 
X. Having a little ipare Room, I have given a 
Fluxionary 5: olution to a diſfcult Problem, for find- 
ing the Veloci 194 of a Bullet ſhot from any Piece of ; 
Artillery; though this is of no mate rial Ute in Prac- 
tical Gunnery, Vet it perhaps may pleaſe ſome of my 
Roaders. as the Conclufion comes out to fimple. 
XI. I have allo inferted the neceliary Tables of 
Gunnery, fc 5 
What is laic of the Flight of Bombs in the follow- 
ing en, 15 equalty applicable to Cannon Balls“; 
the A fethod jor directing Cannons, and placing them 
at any Elevation, is by means ef proper Inſtruments 
for that purpoſe, And here I would not be under- 
ſtooll to mean, that Kxnerience docs always exacily 
agree with the Rules given for throwing Bombs to 
bit an Object, +, for there 0. ſten happens many unavoid- 
able Accid dentt Which will cauſe ſome Difference; 
and yet theſe Rules are not for that Reaſon to be 
careleſly attended to, for they. furniſti the Gunner 
3 with 


183 --- 
with the readieſt and ſhorteſt Methods of perfecting 
his Practice, and will anſwer the End propoſed. Ine 

| deed a careful Attention muſt be given to thoſe Per- 
ſons who are daily employed in the Exerciſe of Ar- 
tillery, and have founded their Methods upon long 

Experience ; for this will always be of more weight 

than the moſt learned Precepts. Put, yet ſuch a Per- 

ſon will be better able to judge by the Help of theſe 

Rules, joined to his own Experience, than he can by 

his. Experience alone. 

As I have conformed to the Method of other 
Writers, it being the moſt eaſy and the beſt a'apted 
_ for Beginners; fo I expect to have Objections raiſed 
againſt me, becauſe I have made no Allowance for 

the Air's Reſiſtance ; now to anticipate theſe Objec- 

tions, What Engineer computes this for Practical 
Enginecring? The Problem would then become very 
complicate, and of a very operoſe kind. The Tafk 
is not only extreme diff cult, but uſeleſs; for to ſhew 
how far a Projectile deviates from a parabolic Track 
dy the Reſiſtance of the Air, is one of the moſt intri- 
cate Problems in all the Doctrine of Fluxions; and 
which is worſe ſtil}, it can be of no manner of uſe ; 
for the Motion cf a Projectile in a reſiſting Medium 
can be reduced to no Rules, fo as to be of any uſe in 
the Art of Gunnery. I thought therefore, by laying 
down ſhort and plain Rules for Practice, it would be 
More ſerviceable to the young Engineer, than to 
puzzle him with tedious Demonſtrations and perplex- 
ed Calculations in Fluxions, which would create an 
endleſs deal of Trouble for no real Advantage. 
It perhaps may be ſaid, I might have added ſome _ 

Problems by ſuppoſing the Shot to move in a right 
Line to a point blank Diſtance from the Mouth of 
the Piece, and then to deſcribe the Curve of the Pa- 
rabola; but I do not apprehend it can be of any uſe 
in Gunnery by putting a right Line and Parabola to- 
gether; for the Curve deſcribed by a Ball on this 
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Hypotheſis, will be nothing like the Curve deſcribed 
in the Air, and therefore 1 have purpoſely omitted 
But if any one would make a Computation from 
the Reſiſtance of the Air, he will find the Problem 
elegantly ſolved by Fluxions at Page $4, Vol. II. of 
my Miſcellanea Curieſa Mathematica, where it is ſaid, 
that the Deſcription of the true Curve is ſo perplex, 
that it is ſcarcely of any uſe ; and if according to 
the ſecond Corollary the Reſiſtance be ſmall, as is 
commonly experienced by an Iron Ball projected thro? 
the Air with a ſufficient Velocity, the Curve which 
the Globe deſcribes in a reſiſting Medium, does not 
differ much from a Conic Parabola; yet becaufe tb 
Reſiſtance diminiſhes the Velocity of the Projection, 
the Ordinate to the Trajectory in a reſiſting Me- 
dium will be a little leſs than the Ordinate to the 
Conic Parabola; but notwithſtanding this, the Pro- 
blem, by reaſon of its difficulty, is of no uſe in 
Gunnery. „„ - 1 
The Art of Gunnery is a Science at all times uſe- 
ful, and much more fo amongſt the Engliſh, who [ 
am ſure have as great an Inclination to Arms and 
Arts as any Nation in Europe; their matchleſs Va- 
lour and Bravery, their ſingular Prudence and Con- 
duct, both by Sea and Land, is fo univerſally known, 
that many powerful States have been conſtrained to 
yield to them by the Dint of their Sword; and as 
to Arts and ingenious Literature, they juſtly claim a 
true Title to the Empire of human Knowledge. 
Theſe Sciences, it is known to all, are the pecu- 
_ liar Care of Princes, that defign to raiſe the Force 
and Power of their Countries ; and theſe are none 
of the leaſt Arts whereby the French King hath 
brought his Subjects to make that Figure which they 
at this time do; I mean, the Care that he takes for 
educating thoſe appointed for this Service; he orders 
that there be Profeſſors to teach theſe Sciences 7 
ESE Tomas icly 
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lily in ſeveral parts of the Kingdom, that the 
Teachers muſt know Heſigning, and to teach it to 
their Pupils, in order to lay down the Appearances 


of Thinęs in their real Form and Situation; they are 


to keep their Schools open, and to read four times a 
Week to their Scholars, where they muſt have Books 


and Inſtruments necellary to teaci their Art, who 


have handſome Salaries from the Government for 


that Service, and to teach gratis. The Directors of 
_ Holpitals are obliged to fend to theſe Academies every 


Year feveral of their Boys, to be taught and furniſh- 
ed with Rooks and Inſtruments, explained with a 
vaſt \ ariety of Experiments, and thereby Practice 


and Theory goon hand in hand, and receive mutual 


Aſſiſtance from each other; and that nothing can 
exceed the Order of theſe Schools, the Officers placed 


at the Head of them are of the greateſt Ability and 


Knowledge in the Management of Artillery, wiich 
they teach with as much Method as Grammar and 
Accompts are taught in our Schocis ; and hence it 


is that France is well provided with ſo great a Num- 


ber of able and ſufficient Engineers. 

During the Time of the Jate unnatural Rebellion, 
ſome Mathematical Lectures were read in 2% 0 
inſtruct Officers in the Art of Engineering and For- 
tification, as knowing very well the importance 
thereof, and this continued ſome time after the 
Face: and it is worthy the Conſideration of the 
Legiſlature, whether the reſtoring and continuing 
this even in times of Pez ce, be not cxpedient for 
the bringing up Fngineers, who are ſo uleful and 
valuable in the Military Way, and fo difficult to be 
had in time of War, and ſo lictle dangerous in time 
of Peace. 

The Arts of Wer and Trade require much the 
Aſſiſtance of theſe Sciences, an Officer that under- 
ſtands Fortification ond Engineering. will, cæteris 
Par thus, much better defend his Po.t, and knowing 

wherein 
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wherein its Strength conſiſts, or make uſe of his Ad- 
vantage to his Enemies ruin, than he that does not; 
he knows when he leads never fo ſmall a Party, 
what his Advantage and Difadvantage in defending 


and attacking are, and hereby can do more Service 
than another of as much Courage, who for want of 
ſuch Knowledge, it may be, throws away himſelf, 
and a Number of brave Fellows under his Command, 


and it is well if the Miſchief reaches no further. 


Fortification is fo neceſſary an Art, that it greatly 


deſerves more Encouragement ; for, excepting two 
or three Academies founded on Royal Authority, I 


cannot learn that it is properly taught in any Parts 


of this Kingdom; for moſt of thoſe Gentlemen that 


make Geometry their peculiar Province in teaching 
it, apply it often to uſeleſs Speculations. Now For- 


tification is the chief Art wherein Geometry is uſed, 


and to it only is owing the great Succeſs and Im- 
provement of Military Architecture; indeed, where 


the Ground is regular, it admits but of ſmall Va- 


riety; yet where the Ground is made up of natural 
Strengths and Weakneſſes, it affords ſome Scope for 
Thinking and Contrivance ; and what contributes 
much towards its Strength, with regard to its Force 


or Reſiſtance, are the due Meaſures and Proportions 
of its Lines and Angles ; as it is now arrived to ſuch 
a Degree of Perfection, that in all likelihood it can- 
not receive any effential Addition; fo it is the more 
eaſily to be comprehended ; becauſe, it ſeems impoſ- 
ſible to find any thing that is not already invented for 
the making Attacks upon Places. Earth is made uſe 
of for Trenches, Banks and Retrenchments ; Water 
for Sluices and Inundations; and Fire is applied vari- 
ous Ways; below, by the Contrivance of Mines and 
their Galleries, whoſe Havoc is dreadful, and Deſtruc- 
tion rapid, in a Moment burſting open the Bowels of 
the Earth, rending in Pieces the ſtrongeſt Walls, the 
firmeſt Towers, and blowing up whole Troops of 

n Wr Ffetz 
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Men; W by Bombs, Cancaties, and Granadoes, 
direQly by Cannons, Mortars, Sc. Let the 
* Reader imagine to himſelf (ſays an ingenious 
Writer) a great Number of Mortars playing con- 
tinually from the Batteries round a beſieged Lown, 
and Bombs like one uninterrupted Tempeſt of 
Fire falling at once on all its Quarters, forcing 
their Paſlage irreſiſtibly, demolithing Buildings, 
and burying Multitudes under the Ruins, tearing 
up Pavements, ſweeping whole Ranks of Men 
away, and tofling their mangled Limbs into the 
Air, penetrating with the Violence of Lightning 
even ſubterraneous Vaults, overthrowing, rending 
<< or ſetting on Fire whatever they touch, their Ex- 
* ecution is experienced as fatal and general, as 
« their Effects are terrible and deſtructive,” The 
Cunning of Mankind never exerting itſelf ſo much 
as in their Arts of deſtroying one another; therefore 
Methods of Deſence have been invented to prevent 
in a great Meaſure theſe Effects, and this is the pro- 
per Buſineſs of Fortification; and unleſs Mankind 
find out ſome other Elements, there is not much Pro- 
bability that they can invent new Methods, either 
offenſive or defenſive. 
It were to be wiſhed that proper F 
were allowed for experienced Mathematicians and 
Engineers to make all the neceſſary Experiments on 
Pieces of Artillery, for this Art now makes one of 
the moſt conſiderable Branches of the military Science, 
and it is abſolutely neceſſary to have it underſtood by 
many, in order to ſupport the Honour of our Arms, 
and to maintain the public Safety of this Nation; 
and I am ſure never more fo than at this preſent Con- 
juncture, where it 15 ſaid from public Authority that 
Great Britain or Irclund is daily threatned to be in- 
vaded by one of the moſt powerful and formidable 
Fleets and Armics that France ever had ; whoſe Ar- 
mies are in continual Motion on all Sides, their 
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Warlike Stores, Arms of all kinds, Proviſions, fc. 
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ily ere wh Carriages laden with Cannon, 


all the Apparatus of tome great Enterprise. whoſe 


Injuſtice as well as +! nk lence is circumſcribed by no 
Bounds ; who. now ſully ſhew. their ambitious Pro- 
(ets, i). Faith, notorious Breach of Treaty, and ma- 
nifett Keio + zainſt the beſt of K1NnGs that 
ever fat on the B; i Throne. This Attempt. of 
invading theſe Kingdoms in revenge tor his Majeſty's 

generous and a Conduct in maintaining che 
Rights and Poſſeſſions of his Crown and Subjects, 
againſt the unprovoked Agareſſtons and Hoſlilities firſt 
be he Part of V. ance, is ſo unjutt, garing and 
iolent, as not to be paralleled in any Hi Rory. 
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51 


„ 


Vet 
Ca] 


"WW, 08 o Q 


* 


" On + 


MON 


Þ af 
I 


i» WwM ex DQq © ©*2- oo omen >  .Ww D» 


[ xv ] ” 
Page 


GUNNERY, 3 — 12 
Of the Parts of Cannon, — 128 
Projections on the plane of the Horizon, — 119 
Projections on Aſcents, — 336 


Projeftions made on Deſcentt, — Ro 150 
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f 167, 168 
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— 62, Step 3, dele 1. | 5 
—— 67, third Line from the Bottom, after VA, read 4y 
+ Pa; 3. | | „ | 


Page 57, Step 2, read CE DBC ADB. 


| =— 70, Step 6, for DAC Se. read CD AAT 


105, laſt Line but one, read ACD 23 2&, 
110, Line 14, read <DBC=589 2. 5 


112, laſt Line but one, read 9.74473. 
— 120, for The Momentum which conduces, read 7e 


Momentum or that au bich conduces 


— 104, Line 25, for xZAE, read * = AgB. 
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DECIMAL ARITHMETIC. 


DzF1iNlT1lONS. 


F raction is called Vulger or Decimal, according as 
it is divided, as 4 is called a Vulgar Frackion, the 
_ uppermoſt Number is called tne Nr umerator, and 


the undermoſt the Denominator. 


A Decimal Fraction ſuppoſes ore of any thing whatever 
to be divided into 10 Parts, 100 Parts, 1000 Parts, &c. and 


hath always a Dot ſet benen it as . 5 is called 5 Tenths, 


and in Vulgar Fractions 5, but as Decimals are the caſieſt 
| ſhall ſay nothing of Vulgar Fractions here. 


As Places in Whole Numbers increaſe by Tens, ſo do 
Places in Decimals decreaſe by Tens; for as the firſt, ſe. 


cond, third, c. Place above that of Units is Tens, Hun- 
(reds, Thouſands, c. fo the firſt, ſecond, third, Sc. Flac 
below that of Units, is Tenths, Hundredths, 7 Houſandtlis, de- 
creaſing in a tenfold Proportion, as is manifeſt from the 
following Table. 


n 
3 2 BY. 
3 „ 
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W 8 8 — 
42 2 A. 288 - 2 
— _ 2 
„ % „%% Ro Bi Ra” 6 
—— ESgSO8s5S. 5.560 © &:2 
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5 Tenths. 
25 Hundredths, 
. 175 Thouſandths. 


Cyphers ſet after Decimals do not alter their Va- 
lue, as . 8 and .8000 are the ſame, viz. only 8 Tenths: 
But when Cyphers are ſet before Decimals, they remove 

them farther from the decimal Point, and therefore decreaſe 
them, as .o8 is leſs than .8, ſo . ooo is leſs than .o08, 
conſequently, each removal of a Figure into a Place for- 
ward makes it ten times leſs than it was before. 


To reduce Vulgar Fraftions into Decimals. 

„„ R UL. E. © 3 
Add as many Cyphers to the Numerator as you intend 

Decimals, and divide by the Denominator, the Quotient 
is the Decimal required. ; 
5 Examples. 
1. Reduce 4 of any thing into a Decimal. 

4) 1.00 (25 the Decimal. 


20 
20 
2. Reduce £ of any thing into a Decimal. 
| 2 ) 1.0 ( .5 the Decimal, 
10 


3. Reduce 5 of any thing into a Decimal. = 
4 ) 3-00 ( -75 the Decimal. | Def 

222 $ | | | | the 

0 . Que 

20 Nui 


So the Quarter, Half, and three Quarters of any thing 
are 23; .c ; ard .7; Decimally.. | 
7 je 49 | 4. Reduce 


ng 


ce 


5 
L 3 * 55 

4. Reduce + into a Decimal, 

7) 2.00000 ( .28571 the Decimal of 2. 

Fe. FO de. 


5. Reduce 35 into a Decimal, 
32 1.00000 /. oz 125 
. 


Note, Here I annexed five Cyphers to 1 the given Nu- 


merator, as I intended to have five Places in Decimals, 


and there ariſe but four in the Quotient, I muſt ſupply ſuch 
Defe& by prefixing as many Cyphers on the left Hand of 
the firſt Figure in the Quotient as there want Places; as in 


the Example above there is prefixed a Cypher to make the 


Quotient compleat, becauſe I annexed five Cyphers to the 
Numerator, 5 


6. Reduce 6s. 84. into the Decimal of a Pound. 
Thus 6s. 84. is = 804. and a Pound = 240 4. 
Then 240) 80,00000 . 33333 is the Decimal. 
7 + 8 04 


7. What 
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441 


7. What is the Decimal of 5C. 1 Br. 1105. the integer be. 
ing a Tun Weight? 

Thus a Tun Weight 2240ʃb. and 5C. 12-. 11/6, 25990. 
| Then 2240) 599.0000(.2674 the Decimal, 


To find the Value of any Decimal Fraction. 
„ 
Multiply your given Decimal by the Parts of the next 
inferior Denominator that is equal to the Integer, the De- 


eimal dotted off gives the Part thereof; and it there be any 


Remainder, multiply it by the next inferior Denomination. 
c. till all is done. 
-.: Examples. : 
3. What is the Value of 875 of a Pound Sterling ? ? 
Thus £ $75 


5 5 * 17%, 6d. 
"iN What i is the Value of .9874 C? 
Thus 9874 
20 


Aaſiver 195. 83.904 4. c 
3 What is the Value of. 5875 of a Tun weight? 
Thus | 5875 Tun. 


LL 
Anſwer 11C. 3 Q. 2 


Or 


) 8 
4. What is the Value of. 3712 of a Hundred weight? 
„„ ee Gael 
. 


1.4843 
28 


38784 
9696 


13-5744 
| 16 


34404 
5744 


5 Anſwer, 
_ 127, 13/6. 9.1904 . 


— 


— 


ADDITION. of DECIMALS, 
= = x5 5 
| Ds the Numbers be placed according to their Value, as 
| Units under Units, Tens under Tens, &c. in Whole 
Numbers; and in Decimals Tenths under Tenths, Hun- 
dredths under Hundredths, Sc. then work as in Whole 
Numbers, always remembering to make as many Places of 


Decimals in the Sum total, as the greateſt Number thereof 
were in your Example. 


Examples. 

Fa | Yards. | - $18.4 £ it 
584 43.94 6:97": it 
471: 21.648 . 1 
281 6.6. 54 | ff! 
.846 3 Or = | 
Io: 22.1108 . . 

: 16.614 3.25 | 
FR 3 5. + 185.6295 835.40 


> 5 A 


———— — — 


Or, 8:72.72 Or 185 T. 2 Qs. 2 Ma. &c. Or C835: 8 
hat — „ e 


SUBTRACTION. 


Place your Numbers as directed in Addition, then work 


as in Whole Numbers. 


591 
397 


Remains 194 


Ku — 


MULTIPLICATION. 


Work in Multiplication as in Whole Numbers, always 
remembering to ſet off as many Decimals in the Product 
as there are Decimals both in your Multiplicand and Mul- 
tiplier, and if you have not a ſufficient Number in your 
Product, then prefix as many Cyphers as you want. 


37-241 
12.23 
411723 
74482 
74482 
37241 


455 15743 


—— ——ů— x 


028027485 2 


r 
DIVISION. 


Divide as if all were Whole Numbers, annexing Cy- 
phers to the Dividend if need be; and when you have 
finiſhed the Operation, point off for Decimals ſo many 
Places as the decimal Parts uſed in the Dividend exceed 
thoſe of the Diviſor, and thoſe to the Left, if any, are 
Whole Numbers. EE „ 

If the Places in the Quotient are not as many as the 
above Rule requires, then ſupply the Defect with Cyphers 
on the left Hand of the Quotient. 


Examples in all the Varieties. 


246) 160.884 ( 654 Quotient. 
5 | _—_ 


246 16.0884 ( 0654 
| "24.90 


1 328 
I 230-. 


984 $; 

984 | | $10 | 

e = 

2.46 \ 1608.84 { 6: . | | 
4 ) 1470 40 54 . | 


1328 
1230 1 . =_ 
984 
984 


— — 


I. 


153 
| 599] 55" od fa 
14 76 


1328 
I 230 


984 
984 
2. 46) $0 hg 00 ( 65400 
1470 
1328 
1230 


984 
984 


OO 


. ) 160, $040 ( 6540 
1476 


13 28 
1230 


984 
984 


. 
0246 160884 6.54 
750 60 


1328 
1230 

984 

984 


—— — 


af 


If 


[9] 


The Rule of Three in Decimats. 


state your Queſtion as in Whole Numbers, and work as 


aforeſaid, 
E wamples, 


If a Pound and a Half of Butter coſt a Groat, what will 


two Pounds coſt ? 


Thus 
46. d. | tb. 


If 1.5 —— 4 — 2 
| — S 5 
d. 
1. 5)" 8. MA 5G. 57 
50 2 
45 2 
50 
45 
Anſwer 55.320. — 


3 


Tuo Men bartered, 4 had 40.7 Yards of Shalloon for which 
B gave him 25.6 Ells of Holland, at 4s. 6d. q Ell, 


what is the Shalloon a Yard ? 7 
Ell, . Elk. 
It 18 | 
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Tart. © 4. Tard. 
If 407 —— 115.—— 1 
ü — — 5 i 
40. FT. 2.83 
FF. i 
33 - Look | 
pub 4 
1240 3.84 
VV 


Arfevr 25. 9484. q Yard ba. 


A owes B L 296 : 17, but not being able to pay the Whole : 


he compounds for 75. 64. in the Pound, what muſt B 
receive for his Debt? 
Firſt the Decimal of 175. is 8 5 2 chen | 
if . £ 
| 7: I 


14842 5 
297795 


s. 2226.375 
FF 
© 4.500 : 
Anſwer 22265, 45. 6d. | * 
or £ 111 6:42 | 


2,000 


Note, When more requires leſs. that is, when the third 
Term 1s greater than the firſt, and requires the fourth 


Term to be leſs than the ſecond, or when leſs requires more, 
that is, when the third Term is leſs than the firſt, and re- 


quires the fourth Term to be greater than the ſecond, then 
the Proportion is zzwer/e ; and to find the fourth Term 
Multiply the firſt and ſecond Terms together, and divide 
that Product by the third Term, the Quotient 1 15 the fourth 
Term or Anſwer to the Queſtion, 


| Fi 


| Examples. 


0 
1 
a 
] 


1 1 


Examples. 


There is Proviſion enough i in a Caſtle to ſerve a Ge | 


of 200 Soldiers for a Year, and it was reported that an 
Enemy were going to approach it, the Garriſon was 
augmented to ;00 Men more, how many Days will the 
5 ſerve theſe 500 Men? 


Men. -. Da.. Men. 
If 200 368 500 
200 
| 5100) ele 


146 Days Arfecer. 


A certain Garrifan, containing 4000 Men, hath Proviſion | 
ſufficient for ſix Weeks and four Days, but being about 
to be beſieged by the Enemy, and no Aſſiſtance to be 


got to relieve it in leſs than two Months ; how many 


Men muſt the Governor diſcharge out of the ſaid Gar- 


riſon, that the ſaid Proviſion may ſerve the Remainder 
four Months two Weeks ? 
Firſt the Decimal of 4 Days, a Week the Integer, i is 575 
For 7)4.00(.57 and the Decimal of 2 Weeks, a 


Weeks. Men,  - Weeks, 
If 6.57 —— 4000 - 16.5 
$000 -- | 


16. eee 1592.7 the Number will ſerve. 
A | | 


978 
825 


1530 
1485 | 
— hen from 4000 
450 Take 1592 


45 | | | Com 


Month the Integer, is .5. Then, | 


— Remains 2408 Men to be diſcharged, 


N. n S on 
I 8 2 2 


© a1 


: Compound Rule of Three Dies. 


In the Compound Rule of Three direct chere are 550 
Numbers given to find a ſixth, which is to the third as the 
Product of the two laſt to the Product of the two firſt 
Multiply the firſt and ſecond together for a Diviſor, 
and the fourth, fifth, and third Terms together for a Di- 


vidend, the Quotient ariſing by dividing the Dividend by 


the Divifor is the Anſwer, 


Example. 


If 12 Men in 8 Days dig 48 Cubic Fathoms of Earth to 
make an Entrenchment; how many Fathoms at the ſame 
Rate will 28 Men dig in 4 Days? 

Men. Days. Fath, Men. Days. 
W-29 won DB anne gf woe EN ene 4 
96 Divide. 1 


4248 


96) 63760 56 Fathoms. r/ 
'" 480 


Compound Inverſe Rule of Three. 


is to find a fixth Number from five given be 
which is to the third as the Product of the two firſt is to the 
Product of the two laſt. To find the ſixth, Multiply the 
Product of the two firſt by the third, and this Product di- 
vide by the Product of the fourth and fifth, the e js 
the fixth, or Anſwer, 


Example. 


() 


10 


1 


Example. 


Suppoſe there be 4000 Men in a Garriſon beſieged, and 


their daily Allowance is 20 Ounces of Bread out of the 
Magazine for 3 Months together, but the Governor 
finding the Siege 1s likely to continue longer, and per- 


ceiving he had loft by this Time 1000 brave Men, he is 
determined to hold out 6 Months, by huſbanding bis 


Stock of Proviſions to the beſt Advantage; how much 
Bread muſt each Man be allowed a Day ? 


Men. Months, Ounces, Men. Months, 
If 4000 —— 3 —— 20 —— 3000 —— 6 
1 2000 TP 18000 
20 | 


18,00)240]000(135 Ounces for each Man a Day. 


6 


gun 


Extraction of the Square Root. 


F ANY Number multiplied into itſelf is ſaid to be ſquared, 


ers; 
the 
the 
di- 
nt is 


mplt. 


or the Square of that Number: thus 6 multiplied in- 


to itſelf, or 6 X 6 = 36 the Square of 6, whence the fol- 
| lowing Table. | | 


Roots 1. 2. VVV 
Squares 1. 4. 9. 1. 26. 36. 40 64. 81. 
Lo R U L E. | 


When any Number is given 10 be extracted, point it off 


m every other Place, beginning at Unity ; then find the 


| firſt Figure in the Root, whoſe Square {hall be equal to, 
or neareſt leſs than the Figure or Figures to the firit Point, 
and then ſubtract that Square from the fiſt Point, and to 
the Remainder bring down the next Point, and call that 


the Reſolvend. Then double the Quotient or Root, and 


ſet it for a Diviſor on the left Hand of the Reſolvend, and 
— C 1 


C14]: 
ſeek how oft the Diviſor is contained in the Reſolvend, re- 
ſerving always the Units Place, and put the Anſwer in the 
. or Root, and alſo in the Units Place of the Di- 
viſor, then multiply the Diviſor by the Figure laſt put in 
the Quotient or Root, and ſubtract the Product from the 
Reſolvend as in common Diviſion, and bring down the 
next Point to the Remainder, and this is the Reſolvend, 
and proceed as before till the Operation is finiſhed. 
| . Examples. 125 
What 1s the Square Root of 116964? 

Firſt let it be pointed thus 116964, then find the neareſt 

Square Number to 11 the firſt Period, as 9, &c. Thus 


116994 (342 Root, For 342 . 

— * by 342 

64) 260 Reſolvend. 648 

2585 1368 
e eee 1026 
682) 1364 Reſolvend. x 
— 1304 e 116954 Proof. 
8 


What is the Square Root of 13169041 ? 
Thus, 13169641 ( 3029 Root. 
66) 410 
3 96 


722) 2096 
| 1444 


72:9) 05241 
65241 


. 


When any whole Number is propoſed to extract the Square 
Root, and there be a Remainder, the Root may be found 
to any Degree of Exacineſs, by adding two Cyphers to the 
Kemainder, and proceeding as before, _ 8 

a 


= 2 What is the Square Root of 37468? 
5 37468 (193.566, Sc. 
I 


— > — 


29) 274 


| 261 


43.4 
Fa 
11 
A J 4 
+ [5 
131.38 
4 * 
1 
5 19 
Fd A 
$4 
2 
4 
2 
N 14 
i 
49 
1 
| 4 
1 , 
27 FR 
q 1-432 
* Pp ry * 
7-208 
1 
— 
. by i 
2 8 
7 
$ 
& 
.. 
7 
” 4 as 
4 3X1? 
1 
1 
: Mn 
: " 
. * 
4 * V 
© 
ov 77 
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1:28 
iq 1 
\ 34 
* "2 IJ 
6 2 
* 
K. | 
: £ K 
. 
1 
BY 
ES / 
"2x 
x 
7 4 F 
> 
\ 
36 


Th 
71. 
77 
or 


; 
3 * 
- 
* f 

p 
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333) 1368 


„ INT; Naa 
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2 e A. 2 7 
rr —— — 
oh 


3865 ) 21900 
19427 


Tg Pays — 
— _ * E 
* 
<a 


38706) 257500 
232230 


3871 26 ) 2526400 
I a og, 


CI er er Rene” oi i ie Crete ne OE 

— — CE — 
W y -. * 8 ” 

— 2 — — ed as 2 


203644, Ec. 


When a Mixt Number or Decimal is to be extracted, 
oint every other Figure as before, beginning at the Units 
lace in whole Numbers, but in the Decimal always begin 

in the ſecond or hundreds Place, and if you have not a tull rg 

Period then add a Cypher to compleat it, and when you . 

have not as many Figures in the Root as Dots or Periods, Ii 

then prefix a Cypher or Cyphers to anſwer them. 0 

What is the Square Root of 523.176 ? 15 

523.1768) 22.87, Ce. | | My 

4 1 

42) 123 | 

3 .— | I 

443) 3917 | 14 

3884 1 

1 14567) 33360 14 

the 31969 bl. 
j 


We 1391, &c, 


—— — | . 'F 


EX What 


« _ e — . 
_ — 1 - 
4 — 4 Ip F 1 
——— — * 


er 


— — N 
2  — 


, 8] 
What is the Square Root of. 143219? 
143219 (3784, Cc. 
9 | | 


What is the Square Root of 7 ? 
7.000000 ( 2.645, Ic, 
3 


46) 300 
276 


5240 2400 
209 


5285 ) 30400 
| 20425 


Gr 


397 5, Se. 
What is the Square Root of .0007012816 ? 
0007612816 (02759 
N - OT 


47 )361 
: 329 
545 3228 
2725 
5509) 50316 
49581 


735 


ſ 
i 
_ 
| 
{ 
| 
| 


N ern r 5 SF 
6—l . ] 0 * 


1171 


To find the Square Root of a Vulgar Fraction, reduce 
it into a Decimal, and extract the Yee Root of that De- 


cimal, and the thing i 1s done. 


Wide is the Square Root of + or 2 x 2 


Thus 4 or 2 in 1 Decimals 1 is . 5 then 0 7, Ce. 


49 


1407 ) 10000- 
9849 


151, cs. 
To extra the Cube Root, 


A. U LK N 
Firſt point off from the Unity Place every third Fi ipure;, | 


find the firſt Figure in the Root by the following Table, 


ſubtract it from the firſt Pertod, augment the Remainder 
by the firſt Figure in the next Point, this call the Divi- 


dend; divide this Dividend by the triple Square of the 


whole Root laſt found, the Quotient Figure found an- 
nex to the Root; Cube the Root thus found, and ſub- 
tract it from as many Points as you have brought down; 
to the Remainder bring down the firſt Figure of the next 
Point for a new Dividend, divide this new Dividend by- 
the triple Square of the Root, the Quotient Figure annex 
to the Root again, Cube the whole Root, and ſubtract it 
trom as many Points as you have brought Gown; and pro- 
ceed 1 in this manner till the Work is ended. 


The TABLE of POWERS, 


INSOLE 


Squares | 1 | 4 | 9 | 16 


Roots | 1 


25. 


5% 4 49 64 81 


— EP * kad. 2 


Cubes e E v2 | 16 343 | $12 779) 


C3 Thus 


” 

Thus to extract the Cube Root of 13312053, the Num- 
ber is firſt to be pointed after this manner, vix. 13312053, 
then you are to write in the Root the Figure 2, whoſe Cube 
8 is the next leſs Cube to the Period 13, which is not a 

perfect Cube Number, and having ſubtracted that Cube 
according to the Rule, there will remain 5, which being 
augmented by the next Figure of the Reſolvend 3, and 

divided by the triple Square of the Root 2 or 12, by ſeek- 
ing how oft 12 is contained in 53, it gives 4 for the ſe- 
cond Figure of the Root, but ſince the Cube of 24, vix. 
13824 would come out too great to be ſubtracted from 
13312 that preceeds the ſecond Point there muſt only 3 
be wrote in the Root, then 23 Cubed is 12167 which 
taken from 13312 will leave 1145, which augmented by 
the next Figure of the Reſolvend o, and divided by the 
triple Square of the Quotient 23, wv!z, 1587, it gives 7 
for the third Figure of the Root ; then 237 Cubed and 
ſubtracted from the three Periods or the whole Reſolvend, 
there remains o. Whence the true Root is 237. See 
Sir liaac Newton's Arithmetica Univerſalis, 
| Examples. 


13312053 ( 237 Root. 
FR | | 


2X2=4X3=12 1-53 Kor z. 


Subtract Cube 12167 | 


23X23=529X3=1587 ) 11450 (7 
Subtract Cube 13312053 


Remains © 


What is the Cube Root of 270 54036008 ? 
2705403600g (3002 Root. 
3 . 


ZXz3=9X3=27) 542 (2 


3002 Cubed is 27054036008 


_ 


9 
= What 


[9]. i 
What! is the Cube Root of 122615327232 ? ? 
| 122615327232 ( 4968 Root. 
64 


4X4=16X3=48) 586 (09 


49 Cubed, Subtra& 1 17041 


49X49=2401X3=7203) 49743 (6 


Subtract 496 Cubed, wiz. 122023936 
496X 496=246016X3=738048) 591391208 


Subtract the Cube of 4968, VIZ, 122615327232 


Remains 0 


When the Reſolvend has a Remainder, you may carry 
on the Root to any Degree of Exactneſs by adding 3 Cy- 


phers for each new Period you intend to carry the Root to 


in Places of Decimals ; and always remember to point off 
every third Figure from the 'Tenths Place 1 in Decimals, 


the whole Numbers as before. 


What! 18 the Cube Root of 61218.001 21 ? 


6121g.001210( 39.41 Non. 


27 


— 


335 9X3=27 ) 342(9 
39 Cubed 59311 


39X39=1521X3=4563) 19070 ( 4 


394 Cubed 61 162984 
94874. = 155236X3=46; 648) 557261 
3941 Cubed, is 61209:56621 


Remainder 8434589 


— 
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What i is the Cube Root of .0069761218 ? 
. 006976121 800000 ( .19107 


-1X1=1X3=z)z5y(g: 


19 Cubed ; 6859 


bee e 
101 Cubed 6967871 


191X191=36481X3=109443) 82508 (0 
1910 Cubed 6967871000 | 


_ 1910994.= -3648100X3=10944300 ) 82508000 ( 7 


JT Cubed, is 6975534818043 


Remainder 586981957 


PR O- 


++ 


lar. 
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PROBLEM I. 


"1 O divide a given right Line into two equal Parts, 5. fe 
To biſe& a right Line. 


Let the given Line be A B, then with one Fe ot of your 
Compaſſes in A, opened 3 
to any Diſtance greater | b. | 
than half the Line AB, ES 
deſcribe an Arch, then „ 
with the ſame opening of i . 
your Compaſſes ſet one „5 „ 
Foot in B, deſcribe ano- 41 ——————— — — 
ther Arch, and where 55 
theſe two Arches cut one 
another, as in 6 and 4, if 


* 
* 
= 


the Line 6b, 4 be drawn LY FE 
that will biſe& the given OY 
Ling AB. „„ 


PROBLEM II. 
From a Point in a given Line to raiſe a Perpendicu- 


Let AB be the given Line, and the given Point be C, 
take two Points 


equally diſtant b. 
from C, as DE, 1 
and ſetting the & Thy 


Foot of your 
Compaſſes in D 
and E, opened 4 
to any Diſtance 
greater than AC, 

and ſtrike two Arches as 3 and where the two Arches 
interſect one another as at h, there draw 6 C, that ſhall be 
the Perpendicular required. 2 


[22 
PROBLEM II. 


From the End of a given Line to ere& a Perpendicular, 
as ſuppoſe at B. 


On any convenient Diſtance out of the given Line as at 
E, ſet one Foot of 
„„the Compaſſes and 
„ extend the other to 
the given Point B, 
with this Diſtance 
draw a Circle, and 
from the Interſec- 
tion in the given 
Line as at D, draw 
a Line through the 
by Point E to interſe& 
i - the Arch above as 

c, then CB drawn will be the Perpendicular. 
N. B. By this Problem may as many Perpendiculars as 
you x thx be raiſed from given Points on a right Line, 

as well as from the End. 


PROBLEM IV. 
To let fall a Perpendicular on any # vs Lins from a 


5 given Point above that ns as 6 tupp e from C. 

13 From the Point 

3 C deſcribe an Arch 

ä as cd on the Line 
| A B, then with the 
| | ſame Diſtance 7 

3 * 3 5 one Foot in c and 

A ET Rn B deſcribe two Arches 


below, and where 
they interſect as at 
e, draw Ce, it will 
be the TO: 
lar require 


# 


r. .. . . ; 
1 * 


7 , 
v.47 
1 * 


1 
. 


P R O- 
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PROBLEM v. 


Wich a given right Line to make an Angle of any i 
Number of Degrees. 

Rae I. 
Let it be required to lay down an Angle of go 30 on 
* AB from the Point A. 


Take the Diſtance of 60 Toyo with your Compaſe 
from the Line 
of Chords, then 
| ſetting oneFoot 
| in A, with that 
Diſtance de- 
ſcribe an Arch 
as CD, then 
take 30? 30 
from the Line 4 
of Chords and | | | 

| put it from C to D, then a 11 drawn from A through 
as © D the Angle DA C is the Angle required. 


al 


Example II. 
To lay down an Angle above go Degrees. 


From A on a given Line AB it is required to make 
an Angle of 145% With the Diſtance of 609 on the Line ö 
11 of Chords ſweep an Arch, then ſince the Line of Chords 
5 1 
. 8 | {þ ö 
. e | 


int 4 | by 

rch | | 

ine 
the 
ſet 

1d 4 
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— IO FRY — 
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hes i 
lere it 
s at ih 
icu- 


take 90, chen 55 to C, and the Angle is made by draw- 


goes only t to gos, ſet! it off on the Arch at twice, as firſt 1 
| 
ing A C | 


+ _— * 
* 
* 


tl. 
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4 


An Explanation of the SYMBOLS uſed in this 
Treatiſe. 


+ fignifies Addition, as AB denotes B added to A. 

— fignifies Subtraction, as A—B denotes B to be taken 

rom A; 

X ſignifies Multiplication, a as AXB denotes A multiplied 
1 

= ſignifies Equality, as AZA or A is equal to A. 

ſignifies the Square Root, as VA the Square Root 
of A, or / 144 the Square Root of 144 Or 12. 

5 be mg the Logarithm of. 


: fignihes Proportion, or Rule of Three, thus 2:4 
6: 12, that is, as 2 is to 4 ſo is 6 to 12, 
A fonifies Tangle, as Aa AB C denotes the Triangle 
>. MW Ges 


L. ſignifies Angle, as J A ſignifies the Angle A. 


5. ſignifies Sine, as 5. ABC denotes the Sine of the An- 


gle B. 


. ſignifies Tangent, as . ABC denotes the Tangent of 


Angle B. 
— ſignifies the Sons; as CD denotes CD ſquared. 


Ri ſignifies Parallelogram, as ZI DB the Parallelogram 


DB 
o ſignifies Degrees, as 24*-lignifies 24 Degrees. 
' ſignifies Minutes, as 35” denotes 35 Minutes, 


SALE 

E454 
5 
* 


N 
3. 
* 


L 


CR 


ho 
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I. To meaſure a Square. 


KR U L E. 


n 8. A RE the Side, the Product is the Area, in IGN's 4 
Name as you multiplied your Side by. 


d NV. B. 144 Square Inches make 1 Square Foot. 
9 Square Feet a Yard Square. 
2 4840 Yards an Acre. 
| £ xample.. 
7 | POET eee 
4 | | 


Let the annexed Figure de- 


le note a Square as ABCD, whole * 14 
Side A D 15:79. Feet long, ho. : " 
many Square Yards the Con- | 3 q 
n- I tent? ” . i 
of A. _ D 1 
79 mw 
d. 79 fl 
| "wh 
IN RT Ca 1 4 
Ki [ oy 
9)0241 Is 
——— i; 
Tas. 693 i 4 Feet, Anſwer. 4 
8 an 
25 5 i 
IF the Side of a ſquare Cloſe be 813 Yards on a Side, _ 40 
how many Acres doth the Cloſe contain? 955 9 
Firſt, The Decimel of 1 2 75 5 1 
D 81.75 
To 5 


26 


81.75 
81.75 
40875 
57225 
1 
65400 
4840) 668 3.0625 1.3807 


5 1.5228 
Aꝛzſber 1: 1: 20 40 
20.9120 


The Square Root of the Area of any Pe gives the 
Length of its Side. | 


Example. 


If the Area of a Court-yard that is ſquare, meaſure 
6241 ſquare Feet; what is the Length of its Side? 


6241 ( 79 Feet the Long of its Side. 
167 
1341 


”D 


— 


II. To meaſure a nn 


R UL. 


Multiply the Length by the Breadth, the Product is the 
Content. 


Example. 


TY 1 


Examples. 


AD is 43 Feet, 
and Bread A 53.;.!„ —0 
22 Feet, requir- | 
ed the Content 
in Yards ? _ 


— — 


43 Length. 
22 Brea 


86 
86 


ie | 9 946 Area i in Feet, 


1. 109 1 Foot, Azur 


re 


If the Length of a he Graſs Plat be 479 


Yards, and its Breadth 184 Yards, how many Acres doth 


it contain ? 
479 
184 
1916 
3832 
ä 
| — 4. R. P. 
4840) 88136018: 0: 33 Anſauer. 
4840 1 8 


the 39736 
| 38720 
30.25) 1016 ( 33 


— — 


ples. 


MN. B. 304 Yards make one Perch ſquare meaſure, 


Da When 


Let ABCD ele x Parallelogram, whoſe Length 
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” 1289 
When the Area of any Parallelogram is divided by 
n | 3 Breadth } 
the Fs Ach 3 18 the 4 Length & © 
_ ſpectively. 
It the ſuperficial Content of a Parallelogram be 88136 
vn, and 184 Yards broad, how long is it? 
184 ): W156 ( 479 Leng, 
1453 
1288 


66s. 
1656 


— 


Aide Let the Area be 881 my and Length 4.79, how 
broad is it ? | 


479 ) 281 36( 184 Breadrh, 
479 


» 24.3  — wu 


4923 

3332 
1916 
1916 


III . To meaſure a Triangle. 
. 


Multiply the Baſe by half the Perpendicular, or mul⸗ 


tiply the Perpendicular by half the Baſe, the Product is 
_ tne Content! ? 


Examples. 
- Let the annexed Fi- 
gure denote a 'Triangle 
whoſe Baſe AB is 24, 
and Perpendicular CD 


is 14, what is the Con- 
tent? 


14 


FW] 


y 1 Perpend. 24 Baſe. Or, 14 Perpend. 
| | ts 24 Wo 9 
7 e — — 
| 1.8568 Area. 12 168 Area. 
6 If the Baſe of a Triangle meaſure 372 Feet, and Perpen- 
dicular 136 Feet, how many ſquare Yards doth it contain ? 
2) 136 372 
— ” 68 
2970 
2232 
$1 25290 { 


Tas. 28 10: 6 Feeb. Arfever. 


oy When the Area of any Triangle | is divided by half the 
FF Baſe gives the Perpendicular, or by half the Perpendicular 


pives the Baſe. 
| ExamPle. \ 
Let the Baſe be 24. and Area 168, what! is the Perpen- i 
dicular ? 1 
2) 24( 12) 168 ( 0 
12 14 Anſaver, bf 
IV. To find the Area of a Trapezium. q, 
N | {f 
Multiply the diagonal Line by half the Sum of the two | 
Perpendiculars, the Product is the Area, 4 
| Or, Multiply the Sim of the two Perpendiculars by ll 
l. half the diagonal Line, the Product is the Area | 
Is , | 2. — | | 
Let ABDC 4 
denote a Tra- "A 
1- pezium, and if 
le us Diagonal | 
4, AD meaſures 
D 408, the Per- 
5. pendicular BE 
1380, and CF | | 
4 _ 104, required the Area? 


1 


— . — — — — * e _ — 
— — <a 9 IS To — — a I” - - 
— — — * 2 - — 8 2 ; 
3 ———— 4 - a L 6 — - — ere — —_—— * oh — 
** — 5 — Þ * — — — — — — Y 
— 0 : . * = — 2 ——— 2 * * 
* - — i Ro 2 _ —I OE — * . £ * or ag ene : 
n = r OTE” — — ; r ” 8 
— * r „rr : - 


rere 
92 wy - 


[ 30 


BE=186 Diagonal 468 
CF =104 | 
Sum = 290 e 
| 233 1872 
Half Sum=145 468 


67860 Area, 


Or thus, | 
290 Sum Perpend. 
Diag. = 468 234 
Hal = 234 LET 1160 
580 


67860 Area. 


V. To meaſure a Circle, 


 DeFiNniTioNs. 


K; - 
D 2 F AB is the Diameter. 


"i | \. AC Radius. 


B ÞÞ Chord Line. 
/ E G Verſed Sine. 


R UL E S. 


I. Diameter multiplied by 3.1416, gives the Circumſe- 


rence, 
II. The Square of the Diameter multiplied by 7854, 
gives the Area. 


III. The Circumference multiplied by. 31831, gives the 
Diameter, 


IV. The Square of the Circumference multiplicd by 


0 6, gives the Area, 
795770558 v. Mul- 


gi 
85 


he 


N 
V. Multiply the Square Root of the Area by 1.128 375 


gives the Diameter. 


VI. Multiply the Square Root of che Area by 3.5440, 
gives the Circumference, h 


Examples, 


E i 8 Diameter of a circular Graſs Plat was 35 Feet, 
how many Feet is it round? 
| 3.1416 
v3, 


57080 
94248 


1 99-9 5 1 An faber. 


— — 


* 


II. If the Diameter of a Girels be 35, , what is the Area: ? 


35 
35 


—— —u— 


175 
105 


1225 Square Diameter. 
7854 


400⁰ 
6125 


9800 
8575 


962.1150 Area, 


| III. If the Circumference be 144, what is the Diameter? 

fe· 31831 

; 144 
45 

127321 
he 127324 
31831 

by — j 


45.83004 Diameter, 


[ 32 1 


IV. If the Circumference be 1000, what is the Area! # 


1000 079577 ( 
1000 1000000 | 
1000000. 8 79 577000000 Area, 


V. If the Area of a Circle be 4840, What is ; the Dia. =: 
meter ? | 
The Square Root of 4840 is 69.57. 


Then 1.12837 


by 69.57 
789859 th 
564185 
12153 
77022 
1 5 8 5007009 Diameter. iT 
| h | Ve] 
5 VI. If the Area of a Circle be 4840, what is the cir 8 
= cumference ? rec 
if The Square Root of the Area 4840 1s 69.57. 
0 Then 3.5449 
ti by 69.57 
118 248143 
111 77445. 
1718 319041 
= 212694 
I | 2400 "ys Circumference. 
Wh 
| | | - I 3. It 1s a to determine whether the Square or 
| | Circle has the greateſt F encing round any given Piece of ; 
1 Land? the 
| For Inſtance, what Difference is there in Fencing round Dia 
| an Acre of Land in a Square and in a Circle ? 
The Side of a Square of an Acre of Land is 69.37 f tr 1 1 


v 4840 4840 = 69. 57 | | Then to ff 


„ 
Then 4 times 69.57 278.28 N 
Circumference for an Acre is 246.6 18693 found above. 


- 


31 661307 Yards differ. 


So the Square has 31 Vards and little more than half a 
Yard, Fencing than the Circle. | | 


VII. To find the Area of an Ellipfes or Ocal. 


| e 
Multiply the Tranverſe by the Conjugate Diameter, and 
that Product by. 7854 gives the Area. 
Example, 


Let AB the tranſ- 
| verſe Diameter be 
zo, and CD the 


*. Conjugate be 40, 
required the Area? 
50 7854 
40 2000 
2000 1570. 8000 Area, 
VIII. To find the Periphery of an Ellipfis. 
> Yo. "KD LIK BE 
> of To twice the Square Root of the Sum of the Squares of 
the two Diameters, add one third Part of the Conjugate 


und Diameter, and the Sum will be the Periphery. 
| Example. - | 
for Let tranſverſe AB= 50, Conjugate Diameter C D=40, 


"hen 


to find the Periphery ? 
39 


[ 34 


50 40 
1 40 
2500 1600 | 
1600 | e 


Sum 4100 ( 64.0312 2 the Root. 


128. 5880 
13.3333 being 4 of 40. 


CE OE En Camas. 


141.3957 the are 


Or you may find the peripher of any Ellipfis for com- 


mon Bufineſs near enough by this 


RULE. 
Muttiply half the Sum of the two Diameters by 3. 1416 
the Product is the ande | 

Example. 


Let the Tranſverſe be 50 and Conjugate 40. requin 
the Periphery ? 


50 3.1416 
2 255 45 
Sum go LET. =» 
125064 
HalfSum 45 


141.3720 the Periphery. 


And this is near enough ſor any Practice. 


— 


$0 1 1 0 5. 


Cube is a Solid reſembling a Die, and is no more than 
a ſolid Square, to find the Solidity this is the 


RU LE. 
Cube the side, the laſt Product is the Solidity. 
5 


| Sol 


the 


[35] 
Example. 


| There is a Cube whoſe Side i is 14 Inches, what 1 is the 
Solidity ? 


: 2744 Solid Inches. 


If you have the Area of any Cubic veſſel, and would 
161 know the Dimenſions of it, extract the Cube Root of the 
Bs the Root is the Side. | | 


Example. 


4 I have a Cubical Veſſel] whoſe ſolid Content 15 2744 
ſolid Inches, required the Side of it? | 


2744 ( 14 Inches the Side. 


— —— 


1X1=1X3=3)17(4 


14 Cubed is 2744 
cry. * 
— „ find the Content of a Parallelopipeden. 


A Parallelopipedon i is a Solid Parallelogram, and to find 
the Content this is the 


RULE. 


Multiply the Length by the Breadth, and that product 
gain by the Depth, this laſt Produd is the Solidity. 
Example. 


than 


[36] 


Example | 
There is a Parallelopipedon, or a Block of Marble in 
that Shape, whoſe Length is 100 Inches, Breadth 20 In. 
ches, and Depth or Thickneſs 14 Inches, required the 
Solidity ? - 
100 
- .- 


2000 
14 


Mn _—_I 


28000 Solidity in Inches. 


To find the Content of a Cylinder. 


A Cylinder is a round Solid like a Garden Rolling 
Stone, having its Diameter alike from End to End of it. 
To find the ſolid Content this 1s the | 

R UL E. 

Multiply the Area of one End by the Length, gives 
the e 
| Example. | 
20 7854 
20 400 


Square of Diameter 400 314. 10600 Area of the End. 
EL | ol 


1 $349.6000 Solidity. 


* 


To jind the Soligity of a Globe or Sphere. 


A Globe or Sphere is a round Solid like a Ball, to find 
the Solidity this is the 
U. | 
Multiply the Cube of the Diameter by 5236 ves the 
Solidity. | 


8 
If a Cannon Ball be 8 Inches in Diameter, what 15 s the 


' 


_— . 


9 


* 5236 

5 8 512 
64 10472 

8 5236 
— 25180 ; 


Cube Diameter 512 


268.08 032 Sobel in Inches. 


Multiply che Cube of che Circumference by 016887 


ives the Solidity. | 
, Example. 
The Circumference of a Cannon Ball was 16 * 
what is the 3 ? 
10 016887 
no WW 16 © 4096 
It. — 8 — 
96 101322 
7 | 151933 
ves — 675480 
ago... _ : 
16 599.1691 5 2 Solidity in Inches, 
1536 
250 
hs 4595 


O the Strength of Beams of ler. 


Mr Emerſon, at Page 117 of his Px #nciples of 1 Mech: INI, 
treats of the Strength of Beams of Timber in all Poſitions ; ; 
and their Streſs, by any Weights acting upon them, or by 
any Forces war fo to them ; where that excellent Author 
- 4 lays, The lateral Strength of any Piece of Timber, in ai:y 
Place, whoſe Section is a Rectangle, 7s direay as the Breadth 
and Square of the Depth. 


N Whence to find the Strength of any ſquare Piees of 
5 the Timber this is the 


; 1 III 


[38] 
"RULE, 
Multiply the Square of the Thickneſs in Inches, into it 


Breadth in Inches, and that again into the Weight that 
Piece of the ſame ſort of an Inch ſquare and a Foot lon 
would bear, and divide the Product by the Length of the 


Timber in Feet, pu the Anſwer. 4 
Now to apply this Rule to Practice, Mr Emerſon has been 


pleaſed to give us ſome Experiments he made, with Pieces 
of Wood a Foot long and an Inch ſquare, ſupported ho. 


rizontally at both Ends, what they will hear the middle 
before they break, as follows, ſee Page 142, 


Oak — 320 Pounds, 
Elm — 310 
Beech — 290 
Firr — 280 


F DRM 


What Weight will a Joiſt of Oak ſuſtain that i is 12 Fett 
long, 8 Inches thick, and 6 Inches wide? 
8 
8 


64 Square of the Thickneſs, 


10240 . or 910. 12r, 20lb. the Weight 
— the Joi will bear, ”—_ hung 
in the middle. 


But if the Joiſt be laid flat, then the Side 6 Inches i 


-the Thicknels, and 8 Inches the Breadth, and this is the 
Strength. 


. 


6 


0 it 
lat 3 
long 
the 


been 
Ieces 

ho. 
iddle 


Feet 


7680 65. or 68 C. 2 Qrs. 8/6 the 
—  Joiſt will bear, when hung 


in the middle. 
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THE 
COMPUTATION 
OF | 


| BALLS and SHELLS. 


PROBLEM I. 
Given the Diameter of an Iron Bullet, to find i its Wei * | 


RULE. 


s 100 is to the Cube of the Bullet's Diameter i in In- 
ches, ſo is 14 to the Weight in Pounds. 


Example i 


If the Diameter of an Iron Bullet be 5 Inches, kar: is 
the W e ? | 


5 1 
5 14 
25 | : 00 
5 125 
125 Cube of 5. ” 1,00) 17,50 
174, the Weight. 


E 3 Example, 


142 
Example II. 


11 the Diameter of an Iron Bullet be 32 Inches, what is 


the Weignt ? 
The Cube of z 5 . = 42.875 


As 100: 42. 875 : 


$00 — the Weight 6/6. 


But if the Bullet be Lead, to find its Weight, when the 
| Diameter i is known, this is wo. 
| - RULE: 
Cube the Diameter and multiply this Cube by 5236 
and this laſt Product by .41, gives the Weight.” . 


Example I 


What ö the Weight of a Leaden Bullet, whoſe Diameter | 
is 5 Inches? Y 
| Multiply 5236 
By Cube (CT 125 | 


1 I 15. ep a the Weight. 


Example II. 
. Leaden Bullet be 3 Inches Diameter, what is che 


Weight? Multiply 


44 T 
Multi . m—_ | 


; By Cube o 
56653 
1047 
14.1372 
41 
141372 
565488 
lb. — the NOW” 
5 P ROB L E * 3 
6, the W right of an Iron Bullet being given, « 70 fad 3 its 
Diameter, 
| R U L E. 
ter 


As 14 is to the given Weight, ſo is 100 to the cube of 


its Diameter, the Cube Root thereof is the * 
_ 


Example I . | | 
If an Iron Bullet wegh 6 Pounds, what is the Diameter ? 
th, 


As 1 6 : 100 
| 2 6 


14) * (42.8 5 the Cube of the Diameter, 
40 | its Log. «1.09144 

© | | 
— Tot ic is 54381 


120 Its Number is 3. 5 the Diameter, 
112 


80 
70 


tiphy — 8 | | 
| —  Exampls 


the 


——— — . — DA, 0 con — Irs > os — 
——— —— — - - —___ = —— — — 
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Example II. 
. Ib. 
As'14 319.8 1 10 | ir 
OG | re 


14) 175.0 (125 the Cube of the Diame. 
[ter. 
Whoſe Cube Root is E Inches, the Diameter ſought. | 6 


PROB L E M III. 
The N. right of a Leaden Bullet being given, to find its 


Diameter. 5 
e | qt 
Divide the given Weight by. 41 (the ſpecific Gravity of i 
Lead in Pounds) and that N again by. 5 236, the 
laſt Quotient gives the the Diameter, whoſe Cube 38 
Root 1 is the Diameter ſough . ch 
3 5 H 
If a Leaden Bullet weigh 26.8345 Pounds, what is the b. 
: Diameter ? LID i | 
41 ) 26.8345 ( 65-45 
* ( 
223 
205 
184 
164 
85 
205 
5286 65.45 5( 1s. the Cube of the Diameter. 
5236 
5 13090 | _ Log. 2.09691. 
10472 


— A third Part 69897 
26180 Its Number 5 the Diameter fought 
26180 


— — 


When 


tw) 


When Guns are fortified alike, that is, when they are 
in the ſame Proportion in Weight and Thickneſs, their 
requiſite Charges of Powder may be found by the nn 


je. | PROBLEM IV. 


| | Given the gaſh te Charge of Powder for one Gun, to v fad the 
| requift ite Charge of Powder for another Gun. 


R UI. E. 


its | As the Cube or the known Gun's Diameter at the Bore, 


is to its given Charge of Powder, fo is the Cube of the 
Diameter of that Gun, whoſe . of Powder is re- 


| quired, to its Charge required, 
* of i Z 
he | xample. 


"ube i The Diameter at the _— of a nine Pounder i is 4.3 In- 


ches, and its Charge is 47 Pound of Powder, whot will 


i Bore is 5. 9 Inches ? ? 
4.3 


the 


129 531 
172 295 


ht 205.379 | 
2 


43 79.5% : 45 :: 205-379 
3 


| 5 1026895 
ought, B21 5 16 


79.50%) 924. 2055 ( ll, 61, required. 


nor — — 1 


Wence 


| a twenty four Pounder an, whos Diameter at the 


— — 2 
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To find the proper Adjuſtment of Powder for any 
Piece of Ordnance, whether true bored or not, ſo as to 


render the Bullet capable of doing the greateſt Execution, 
is a very difficult Problem in Gunnery, and though ſeve- 
ral Rules have been given, Engineers have found them 


often fail: and this I take to lie in the different Strength of 


Powder, or in the Piece of Ordnance, or in both, there- 


| fore Experience will be your beſt and ſureſt Guide. In: 


gineers uſually allowed two thirds of the Weight of the Ball, 


for its proper Charge ; but Experience ſhewed that this 


was more than neceſſary, and then they allowed about 
one half its Weight, which continues pretty nearly the 


ſame to this Day. In October 1739, the French Engi- 
neers made ſeveral Experiments at La Fere, to adjuſt the 
Charge to the Piece, by which it appeared from the 3 
of the Experiments, ſays M. Bigot de Morogues, 


That a 24 Pounder ought to be e with no more 
than 9 Pounds of Powder. 
16 Pounders with 6 Pounds, 
12 Pounders with 5 Pounds, 
8 Pounders with 3 Pounds. 


And that larger Charges than theſe do not (days he) > 


the leaſt augment the Flight of the Bullet. 


But perhaps the Charge may vary between our Pieces 


and the French, as it is ſaid the Dimenſions of our Pieces 
do not correſpond with theirs: but it will be very eaſy to 
find the proper Charge, by firing it ſucceſſively with diffe- 


rent Quantities of Powder, and obſerving which carries 
the Bullet to the greateſt Diſtance. 


PROBLEM V. 
To fed the Solidity of ary Bullet. 
RULER. 


Multiply the Cube of the Diameter of the Bullet in (fn. 


ches by 5236, the Product is the Solidity 1 in Inches. 


Example. 


If the Diameter of a Bullet is 6 8 what 1 is the 
Solidity oh 


The 


— 


4 * 
: 
: 
\ 
'F 
: 
1 
A : 
*IS | 
by. 1 
1 
1 {in 
= 10 
4 
J k | 
9 
1 
} # 
1 ! 
9 & 
＋ þ 
1M 
2 i 
+ : 
14 
4 
1 
i 
1 i. 
'Y 
l ' i 
27 1 
| 
N 
: } 

4 [3 
=) F 
1 1% 
4 1 5 

72 
q 
4 1 
. 
1 1 
1 
4x 
$4 4 
1 = 
| 1 
i Ly 
1 
i 13Þ 
*® 33k 
"7 
$: 5 
$18 VE 
. "at 
7-7 758 
3? 14 
4K: : 
571 
4 * 
— * 
"I 
. 
hls 
1 * 
> = 
} 
Age | 1 
I 
135 g 
" l 
* 
| x, 
k 
$17 
£8 59 
: 14 :F] 
4/4 [278 
348 3} 
5 © 
7 : 
7 a { 
AN 
9 % 
LS - j 
71 þ 
1 v 
5 F 
i 4 
1 1 
24 
= 
139 
1 1 
3 
3 5 
114 
144 
n 
1 7 
x 
E 
11 
19 : 
1 
1 
4 t 
4 
44 
«iu 
"i 1 
1 
9 
- 


= — 8 
5 2 ˙ * 
* SN — —  — ů — 
. ²˙ — io. Low TID. 


[ 48 1 
The Cube of 6 is = 216, then . 5 236 
e 6 


31416 
5236 
10472 


113.0976 Solid Inches. 


PROBLEM VI. 


To fond the Cubic Inches in any Bomb, and how much 
Ponuder ewill fill it. 


R U. E. 


Multiply the Cube of the Diameter of the hollow Part 
of the Bomb by .5236 gives the Cubic Inches, and that 
Product again by .o32, the laſt Product will oe the 
Quantity of Powder required in Pounds, 

Example. 

A Bomb for a 13 Inch Mortar its | hollow Part is 12? 

Inches, its concave Axis being about 84 Inches, it is re- 


quired to know how much Powder will be ſufficient to 
fill wis Shell? 


3403125 
1361250 
$ 445000 
501.515625 the Cube of the hollow Pai s Dia 
| 236 —_ 6, 
3309093750 
1684546875 
1123031250 
2807578125 
204 00958 12500 And 


—— :—à—i1—i — — ——— —ꝛ02ĩ 


h 


Dia- 
ter. 


And 


| ous Mathematician Mr W. Mountaine, F. R. 8. Maſter of 


. 
And 294 
— 032 

588 

882 


9.408 b. of Powder to fl the Shell, 


1 ſhall take the Liberty to inſert here a Table founded 
on Experiment made in the Year 1743-4, by the ingeni- 


the Academy in Gaznsford-ſtreet, 1 from Page 
116 of his Practical Sea Gunner's Companion which the 
Reader may compare with the above. 


T5): 


2 2 8 "Bs 
PIE = 1 rk S NU) NN 
1 3 | N 5 2 >< Punx JI Om 
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The following Table is in Mr Store's Mathematical Dic- 

Y tionary, and is Mr Anderſon's, ſhewing the requiſite 
al Weigat of Powder for all Mortars, from 6 to 20 In- 
ches Dia meter | | 


—biameter Weight. Diameter Weight. 
CHS in | 
Inches. Pounds. Ounces !| Inches. Pounds. Ounces. 
3 1 132 . 
1562 „ VVV 
— 7 . 145 5 
| PLy : . — * A 
| Fe . 33 13 c 
0 2 8 15 2 14 9 
82 8 19 18 8 
92 . 55 | 17 V | 
55 10 1 172 . In 
104 . 18 22 3-125 1 
11. 1 184 234 11 if 
= Wits MY 447 19. 20 2 72 1 
12 9:72.18 -1| 19+ . 1 
12; 21 20 33-3. 1 
13 8. : 98 | | Wh 
— ee — — — — 1 
For Proof, the Chamber of the Mortar is moſtly filled 1 1 
| full of Powder; but for Service, the Quantity is dimi- Fil 
-I umed, or increaſed, as the Random is leſs or greater, | i 
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Some of the moſt uſeful THEOREMS in plane 
Geometry demonſtrated, 


FT will be proper to premiſe ſirſt the following Arion, 
1 being ſelf-evident Principles. 

I. Things that are equal to one and the ſame Thing, 
are equal to one another. 

II. If equal Things be added to equal Things, the Sum 
WII! be equal. 

III. If equal Things be ſubtracted from equal Things, 
the Remainder will be equal. 
IV. If equal Things be multiphed by equal Things, 
| the Product will be equal. --- © 
V. If equal Things be divided by equal Things, the 
Quotient will be equal. 

VI. Things which being laid upon one another & 
agree, or meet in all their Parts, are equal to one another, 

VII. Every Whole is equal to all its Parts taken toge- 
ther; and there fore every Whole is e than its Part. 


THEOREM I. 


1. a right Line ſtands upon another right Line, the An. 
gles which it makes with it will either be two right An- 
f Els, or equal to two right Angles. 


DEMONSTRATION. 


Let the Lines be 
AB and CD meet- 
ing in the Point C, 
upon which Point de- 

ſcribe any Circle at 
Pleaſure. 


A 1 "nj n 
Then the Arch AD is the Meaſure of the 2 CD, 


and the Arch DB of the KD CB; but the Arches AD 


+DB = 180 Degrees, lince they complete a emicircs! ; 
con 


othe 


nate 


5, 


> 


* 


17831 


ty LA C D+DCB=18090= =t to two right 
E. D. 


Angles. : 
| * 1. Hence it follows, that if -A C D ooo, 
then muſt Z DC B S; but if AC be obtuſe, 
then the ED CB will be acute. 

Cor. 2. And if ever ſo many right Lines ſtand upon a 
right Line at one and the ſame Point, all the Angles taken 
together will be equal to two mg Angles, 


THEOREM II. 


It two Lines cut or croſs each other, the two oppo- 


ſite — will be equal. 


| DemonsTR ATION. 


Let the two 0 rial Lines 
be A C, DE, crofling each | 
other in B. 


Theo. 15 


| ZABD4+DPC=£DBC4CBE=1909 
1—DBC|2 21 ABD=/4CBE: by Ax. 1. _ 
Andi 3 DBC EAA by the ſame. 


Cor. Hence it is evident that if two or more right 


Lines interſe& each other, in one and the fame Point, 


they will make twice as many Anzles as there are Lines; 
and all the Angles that are capable of being found about 


one Point, are equal to a whole Circle, or 300 Degrees, 


THEOREM IL 


Any right Line croſſing two Parallels makes the alter- 
nate Angles on the ſame Side equal to one another, 5 . 
44H F = 9d ty © 

F 3 Demon: 


CY On 


Sr nee 
. 


— r r é .. 


1 


DEMONSTRATION; 


, Let the two pa- 
rallel right Lines 
B AB, CD be croſ- 


ſed by the Line 
EF. 

Since parallel 
Lines are ſuch 
right Lines, in 

ſome plane, 

which if infinite · 

| ly produced will 

never meet, and Th. parallet Lines muſt have the ſame 

Inclination to any right Line that croſſeth them, and con- 
ſequently Eine. * D. 


THEOREM Iv. 


Any right Lew croſſing two Parallels ( ho 6 the laft Fi. 
gure makes the alternate Angles on different Sides equal, 
1. e. 2 A HGS AE HGD 


| DenonerRamiON 


By Th. 3- [14 AHG=,c0F: 
Es eG Hab. 
FY Ax. I. 122 EARGEEROD. . 


THEOREM V. 


| If a right Line croſs two Parallels, the two tera] F 
gles are together equal to two right Angles, 1. e. AAo 
 +£<CGH=180®. See laſt Figure. 


DEMONSTRATION. 
By Th. 41:1 | ZAHG HGD. 
Ax. 2.)+CGH | 2 | ZariGE CGH=HGD44 
| : | - GGH 
But | 3 | <HGD+£CGH= 1809 „by Tha. 
And Ax. 1. | 4| <AHG+CGH=1 805, PP 


THEO 


t& 5 
pay 


p 25 {© 
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THEOREM VI. 


| | The three Angles of every plane Triangle « are. e equal | 
to two right Angles. 
> if | DEMONSTRATION. | 
| Draw the JJC EE 
right Line DE, D NN .—.— E 


oular Point C, 


! 
1 | through theAn- 
n 
„and parallel to 


- the Side A B. 3 
l Then ” 5 SB: 
Y By Th. 4. | 1 | LAZZACD. 1 9 5 
| Row 2 B= ECE. 
| | 3 | LZA+£B= ZACD+£BCE. 
3+£ACB 4 | £At£EB+£ \CB=ZACD+Zz£ 
* CEE AC. 
5 The. . LACD+£BCE+EZACB=1800: 
1 Ax. 1.| 6 | A+ B+ ACB= 1809 = two 
Us | | right Angles. . 
Corollary Hence if the Sum of any two Angles be ſub- 
tracted from 180%, the Remainder will be the other An- 
gle; and if one Angle of a plane Triangle be go®, the | 
Sum of the other two acute Angles will be equal to 9 (3 
D. | l 
THEOREM VII. | 
The Sum and Difference of any two Quantities being 
1 given, the Quantities themſelves are thereby given. | [{] 
10 For half the Sum added to half the Difference gives the 131 


greater, and half the Difference ſubtracted from halt the 1 
Sum ge the leſſer Quantity. 1 
| DEMONSTRATION. | 
| Let A B repre- | 
2 ſent the leſſer, and 
BC the greater 
b. Quantity cuakeDC 
D AB, biſect BD in 
8 E, then will AE 
ECS half the Sum, 


ICT SI YT 


* * — vob * Z 
TY - ——— 3 

> - _— wp < I — 2 — 
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1 


half | the Difference; hence it is plain that BE4EC=BC, 


the greater ; and AE—BE=AB, the leſſer Quantity: 
RF. D. 


THEOREM VIT. 


If one Side of any plane Triangle be produced, the 
autward Angle will be equal to the two inward oppolite 


Nes. 
De 


9 
- 
* 


2 —— 
"By. Fh. 1. 1 | - DAC+CAR=1 809. Es | 
And Th. 6. | 2 | -Þ+ <C+£CAB=180% 
Ir 2 3 |} LD etc 
3—£<CAB | 4 | ZVACEZBTLC RED. 


THEOREM IK. 


In every plane Triangle, equal Sides ſubtend or are 
oppoſite to equal Angles ; and conſequently equal Angles 
in the ſame Triangle are f::btended by equal Sides. 


DEMCNSTRAT ION. 


C Let che Triangle ABC be Ifof. 
cclcs, that is, let AC=BC, then 
I fay ZA=£B ; for let AB be 
biſccted in D, and CD joined; 
then ſince AC BC. AD=DB, 
and CD common; if the Tri- 
angle CDB be placed upon ACP, 
ſo that CB lie upon its equal AC, 
then muſt the Side DB fall upon 


* 1 B its equal AD, and the Line C D 


upon iſelf being common; and 


Th the T riangle C BD will coincide in all its Parts with 
| the Trang's ALC, hence by Ax. 6. AAB 


Corolla. 


0 


[57 ]-. 
Corollary. Hence it follows that the three Angles of every 
equilateral Triangle are equal to one another, and there- 
fore each equal to 60 Degrees. = 


4 7 


THEOREM x. 
. 1 


Angle; that is, if AC be greater than AB, then will 
LABC be greater than the BCA. 


DEMONSTRATION. 


Make AD= 
AB, and join 
BD. Then 


ff 
. The. 9. | 1 | ABD SEA DB, and 
Ihe. 8 | 2 | <C+ DBC=LzABD. | 
1=2 | 3 | <C+<DBC=£ABD, by Ax. 1. 
But | 4 
| | I | | 
cs Therefore | 5 ECHTE DBC muſt be leſs than ABC 
| | and 18 FED 
Conſequently | 6 | £C is leſs than ABC. 


2.E.D. 


, THEOREM XI. 

2 In any right angled Triangle BP H, the Square HH, 
3 deſeribed upon the Hypotenuſe H, is equal to the Sum of 
* B Squares BB, PP, deſcribed on the two other Sides 


of | % 


DEMON-+ 


FS 1 every Triangle the greateſt Side ſubtends the greateſt _ 


—_— 7 c 


ZABC is greater than its Part ABD, 


[8] 
DEMONSTRATION. 


Zi ISR Re oh 


MageaSquare 
Whole Side is 
equal to BÞ?, 
and let that 


Square be re- , 
preſented by 8, ; 
ſo will its Area by 
be BB+2BP+_ f 
PP. Alſo = 
Sum of the 
reas of the Pon | 
Triangles in 
cluded in that 
ee 
1 | 6 Square will by | 
3 BB * Menſuration be 1 
I ſay HH = BB+PP. 
For | 1 | Sens,” 
And | 2 | S=BB+2BP+PP. | 3 
133 HH: BP=BB-+2BPTÞP, . 
3—2 BP | 4 | HH=BB+PP. | .- 
Corollary. 
| : | H=v BEEF. | | 
2w2 | 3 H=vBEEF. | - 
| 1 | B=V HH BP. | 
For | 2 | BE+PP=HH. | = 
2-—PP | ; | BR=HH—PP. - = 
3 4 B=v HH—PP. 
„ 2 
1 | P=v HH—BB. 


For | 2 i PPþBB=HH. 
2—BB PP=HH—BB. 


32 | 4 P=v HH—BB. 


05 


in . then by 


equal Triangles. 


8 


Or this DEMONSTRATIOR. 


Let AB C be the right 
angled Triangle, make 
CA DSœ/qoo, and draw 
AD to meet CB produced 


Theo, 17. following BC: Bi 


pe AC: 1 and | 


. Extremes and Means we have AC IT 
bes... 5 * 


. H EOREM XIL 


The Diagonal of a Paralldlogram drides it into two 


DEMONSTRATION. 5 
i ht ————Þ 
l 5 . 
B D, and AB, 
CD, are Paral- | . | | 
hs: | 5 


By Theo. 4. | 1 | LACB=CBD, 


And 2 Zeeb Az. | | 
Therefore | 3 | AABCZ=ACBD, being equiangular 
OS Triangles, and AC common. 


2. E. D. 
THEOREM XIII. 


Parallelograms having the ſame Bale and Altitude, are 
equa, | 


DEMON- 


= ———— 


= — mn . a — Doade 
. ee EE EE ee 


x. 
** = 
6 aA. ©. 


Tana: © To 1 
Let the two Parallelograms ABFE, CDEF, ſtand upon 


the ſame Baſe E F, and between the ſame Parallels E F, 


A D. Roe | 
Since | 4 | AB=EF=CD by Conſtruction. 
-'Nheref. 2 AC BD, and . 
Becauſe | 3 AES BF. 
And 4 ZA SHAB... © 2 5 
Then | 5 AACES ABF D, take the Triangle BCG 
from both, and there remains the Trapezia ABGE=CDFG 


add the Triangle EFG to both Sides and the Sum is 
ABF GS Deep E. 2. E. D. 
Corollary, Since the Diagonal of every Parallelogram 
divides it into two equal Triangles by Theorem 12. There- 
fore Triangles conſtituted upon the ſame Baſe, and between 
the ſame Parallels, are equal. : 
Lemma. A right Line is ſaid to be multiplied by ano- 
A 5 | ther rightLine,when 
a Parallelogram is 


— 


1142 8[4 (30078 5 
| | / 10 | 11 | 12] 13 1419 16 Lines; that is, the 


Product of the two 


17118] 19}20]21|221231244 N umbers which ex- 
j _ preſs the equal Parts 
2.5\2:0127\28129|30]31|3.2] in the two Sides, are 


D equal to what the 


Mathematicians call the ſuperficial Content or Area of ſuch 
Figures, 


Le 


T] 


| wh 


"PROP, 


[ 61 1 
Figures, or they are underſtood to contain ſo many little 
Squares, whoſe Sides are each equal to one of the equal 
Parts with which the Sides were meaſured. Thus for in- 
ſtance, let AB=CD=8, AD=BC=4, then ADX AB 
=4X8$8=32, which is the Area or Number of little Squares 
contained in the Parallelogram. „ 


*. 
4 ; 


THEOREM XIV. 


Parallelograms and alſo Triangles, that ſtand between 
the ſame Parallels, or which have the ſame Height, are 
in a direct Proportion to one another as their Baſes. 


DEMONSTRATION. 
By the above | 
Lemma. | 2» SES 


th area of the eO pill. 
which Areas are in the Proportion of DE: E, 
For BEX DE: BEXEF:: DE: EF. 
That is, Dee . 
5 Fo DBEZ=EBEXDE. 
Again by Theo. 12. Area A EBF=IBEXEF, 
Then will A DBE: AEBF:: DE: EF. 


2 E. D. 


THEOREM . 


If a right Line be drawn parallel to any Side of a plane 
Triangle it will cut from the given Triangle another leer 
Triangle, that will be ſimilar or equiangicd to the whole 
Triaugle. | | | | 

| G . Druiox- 


1 62 3 


DRMONSTRATTION. 


By Theo. 3. ZB C, KED, and fince An 


Sek | common, 
| it is evi. 
dent that 
the Tri. 
angle AB 


is ſimilar 
or equi. 


the Triangle * 


angled to 


"EM 


THEOREM XVI. 


1 If a Perpendicular be let fall from the right Angle of 


| a right angled Triangle upon the Hy potenuſe, it will ci. 
1 - vide the Friangle into two right angled ones, ſimilar to 
the Whole and to each other. 


DEMONSTRATION. 


. 


Draw the Lines as 


op Figure. 


Therefore 
And 
| - Su. 
4—L.CBD 
Again 


6— - ABD 


milar. 


W 5 | 


805 863 


EE 
6 


5 


8 


Ac Db CBA 90. 


ECBD T. DBA O. 
£C+£CBD=909 by Cor. 1. The. . 


| LCBD+ <DBAZZCT£<CED. 


ZDBAS=DZC: 
£E4+ ABDE= ZABD+DBC=90" 


ZA bbc. 
Therefore the Triangles CDB, B DA, CBA are fi 


E. P. 
S T H E- 


0 


3 45 


| join DB 


ſimilar, for : 


03” F 

THEOREM XVII. 

If two Triangles be ſimilar, their like Sides, or the Sides 
ſubtending equal Angles will be proportional, 
” DEMONSTRATION. | | 

Let DE be parallel to CB, then will the Triangles ABC, 

AED ; 985 1 
be equi- 
angular, 


and CE, 
then by 
Cor, to 


LE os 
Theo. 13, | 1 | AECD=ADBE. 


| By Theo. 14. | 2 | AADE: AABD:: AE: AB. 


Vince the G DBE==4A ECD, therefore AABD=A ACE. 


Hence AE; A: AD Ae. . 
THEOREM: XVIII. 
If any Angle of a plane Triangle be biſected by a right 


Line, it will eut the oppoſitz Side in proportion to the other 


two Sides of the Triangle. 
; | DEMONSTRATION. 


v. 
,. 


Produce the Side DC 
WCZ=CB,-join Z 3. 
and draw CF parallel to F;. 
BD, then will the Tri- f 

angles CF Z, DCA be 


RE 


— — — — - 


r 


"x 
— ACS Ate Ic EO. Tn Le ro < 


= — —e—_——s 
— — — —— - — 
- —— — ; 
2 — 
De bs 


TD 


— 


_— — * bh a 
— — 2 


— 


— 


— — 


— . 


- — - "EY 
- 
x —— K — ar tf ep — 


* 


Wo 2 — * 8 4.2 * 
S . . . — 
2 ? — 8 


r 


, on EIS , , — 


1-04 } 


By Theo. 3: [iT Fg AED. 77 
And Th.8. | 2 | -Z+ ZBC= BCD. 
But 3 ZZ TK. | 
Zecauſe 4 | ZCZBC. 
- Therefore. | 5 4. . e. 


And 6 A=. | 


Since | 7 | <BCAZZFBC, the Lines CA, ZB, 


| are parallel, and 

Thence 8 | BAZ=FC, and 3 
Theo. 17. | 9 BA (FC): BC(=ZC):: AD: CP or 
which is the _ SL 


Same | 10 | AB: AD :: BC: CD. 


9.E.D. 
THEOREM XIX. 


If a right Line be divided into two Parts or Segments, 
the Square of the whole Line will be equal to the Square 
of each Segment, together with a double Rectangle of the 
lame Segments. OE = 
- DEMONSTRATION, | 


B C Let CG be the Square of 
AC and GE that of AB, and 
let HE, DE be produced to 
meet the Sides of the Square 
GC in B and F, then ſince DE 
—EH, EC will be the Square 

| of BC, and AE=FH=areR- 
3 2 angle under AB, BC, but CG 
GG = Tf T =GF+EC+AES#FH ; that 
is, AC =—AB 3-þ8C *F2ABXBU.. 


THEOREM XX. 


The Angle at the Center of any Circle is double to the 
Angle at the Periphery, when both the Angles ſtand upon 
the ſame Arch. DO, 


Demon» 


Q. E. D. 


Th 


the 


Tt 


thi 


or 


On 


N- 


| Tet the Diameter AD and 
Line BD form the Angle at 


| Theref. 


— —— —— — — 
— — — — = — 
— — — ——— 
. . Ons wr ANCE ie 


181 
DEMONSTRATION. 
. 


the Periphery, draw the Ra- 
dius CB, then I fay LACB 
1$ double . | 


For | 1 | ZBCA=4D+DBC, by Th. 8. 


But | 


bea zZ. 


|; 
Cafe II. 


Draw the Diameter AD,. 
hen „ 


= ADB. 
<ACEE — el DE. 


AX; 2; 


| EECB=24EDB. 
Cafe III. 


Caſe J. 
And 
1+: | 


That is, | 


=2ADPT224 DE, by 


Draw the Diameter A |; 8 
then by 


Caſe 


ZD AED, by Th. 9. becauſe DC=SEB. - 


——U—äjé —᷑ — ä„— — ——— 
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Caſe I | 1 | ZACB=2ZADB. 

And | 2 | ZACE=2ZADE.. | 

1—2 3 ZACB—AACE=2ADB—2ADE. | 

That is, | 4 | LECB=2 <EDB. | . D. 
Corollary. Hence all the Angles at the Periphery that 

ſtand upon the ſame or equal Arches are equal to one ano- 


ther. 
THEOREM XXI. 


The Angle i in a Semicircle is a right Angle. 
DEMONSTRATION. 


Let ABC be the Diame- 
0 ter, and draw the Radius 


Bp, then by 
Th. 9. * Z. A= ADB. 
And See. 
12 £ A+ZC=#£ADBEZCDR, by Az 2, 
That is 4 LASLECEZADC:.. 
But | 5 AAA TLADCE1809, and 
Theref. 6 £ZADESZSOOS.: 2E. D. 


THEOREM XXII. 


An Angle in a Segment. leſs than a Semicircle is greater 
than a right Angle, and an Angle in a Segment greater 
than a Semicircle i is leſs than a right Angle. 


DM ONSTRATION. 


B gle in the Segment AEBC 
greater than a Semicircle; 
and ADE an Angle in the 
Segment CDA leſs than a 
Semicircle. Draw the Dia- 
meter CE, and join BE, ED, 
5 then by Theor. 21. LEDC 

C =90*=<EBC, it is thence 


2 0 ident 


Let the ABC be an An- 


(ol 
us. 


„ 5 | 

evident that ZADC is greater than EDC, and alſo that 
Z ABC is leſs than EBC. .. 
, Log © © OO © - | 

If two Lines be any how drawn within a Circle cutting 


| each other, the Rectangle of the Segments of one Line 


will be equal to the Rectangle of the Segments of the 
other Line. 5 5 | 
- FE DeMonsTRATION. | © 
ein the Points ab, and ca, IVE b 
then will the Triangles 40 b, JS 
and cod be ſimilar, for Za & 
% ͤ by Cor; -:; 
to The. 20, therefore by Th. 
17, 0c:04::a0:06, And 
by multiplying Extremes and 
Means we have coXob=ao 
X 94. „ 


3 THEOREM XXV. 

If from a Point without a Circle two right Lines be 
drawn, to the oppoſite Part of the Periphery; the Rect- 
angle of one whole Line and its Part without the Circle, 


is equal to the Rectangle of the other whole Line, and its 
Part without the Circle. | | ” 


DEMONSTRATION. 


Draw the Lines BC, AD, then 
the Triangles VBC, VA are 
ſimilar, for = B by Cor. 
to Theo. 20. and -< common, 
hence B: VC: : VD: VA, and 
multiplying Extremes and Means 
VBX VAS VYVCX VD. ä 
2. E. D. 


— — 


== > 


— — 
——— — I 5 


— 


— — 


—— 
— 


BO=OC=BC the Radius. 


Thereſore 


IL 68 
THEOREM xXv. 
The Chord of 600 of the Arch of any Circle is equal to 
the Radius or Semidiameter of that Circle, 
FOE  DxmonsTRATION. | 


C 

| BC its Chord, then COB 

- =602, and £AOC=1 202 
=£ZC+£B by Theor. 8. 

B but ſince OB=OC, the C 


609, Th. ſince all the Angles 
are equab the Sides muſt be 
equal by Theo. 9. that is, 


Corollary. Hence the Reaſon is evident why 60 is taken 


from the Line of Chords on any Scale for the Radius of a - 


Circle ſuited to that Scale. 


THEOREM XXVI. 


If any Trapezium be inſcribed in a Circle the two op- 


poſite Angles taken together are cqual to two right Angles. 


DEMONSTRATION, 


Draw the Diegonals, AD 
IB EB. et 


* 
= 
n 
. 
* 


Then | 


D 
And Sach Ab by Cor. to T | 20 


1 
2 
But] 3 | 
And | 4 j CDA+£&DBEZLCDB. 
bj 
6 


LCAB+ <CDB=1 3809. 
| LACL+LABDE1500, 


And {o is, | 


Let BC be an Arch of 609, 


ZB, and therefore each 


-CAE+ZACE+£CBA=180*byT., 


Il 5 
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THEOREM xxvn. 


| 1 from any Angle of a plane Triangle inſcribed in a 1 
Circle, there be let fall a Perpendicular upon the oppoſite 1 
Side, as that Perpendicular is in proportion to one of the 1 
Sides including the Angle, ſo is the other Side including i 
the Angle to the Diameter of the Circle. ER | 
. „ DEMONSTRATION. | jt 
4 Draw the Diameter BD, | 
a and join CD, then the | 
: Triangles BAM, BCD, | | 
are ſimilar, 41 if 
fn | | 
"oh 9 
For | 1] ZAZZD, by Cor. Ih 20. | | 
And 2 EM =D. Th. 21. ft 
Hence | 3 | BM: AB:: BC: BD, Th. 11. QED. 
I THEOREM XXVIII. i 
If any Trapezium be inſcribed in a Circle, there be 4 
drawn two 3 their Rectangle is equal, to the Sum 3 
of the Rectangles under the oppoſite Sides of the Trape- 4 
zlum. | „ | | 11 
D DeMonsTRATION. | | 
Make DAM CAB, Z 1 | 

then the Triangles AM D, 


ABC are ſimilar, ſince - 

MDA=- BCA, Cor. The. 

20. Hence AC: BC: : AD 

p : DM, by Th. 11. and AC 

. x DM=BCXAD. £Y 
Again, the Triangles BAM, 

ACD are ſimilar, 


gt 1 
For | 1 | EABM E ACD. | 
And 2 BAM CAD. : 7 
Becauſe 


Theref. | 4 | AC: CD:: AB: BM, by Th. 11. 
Hence | 5 | ACXBM=CDXAB, to which add the equal 
es — Quantities before found, and we have 

6 | CDÞABFBCXAD=ACXBMACXDM 


I =ACXBMEDM=ACXBD. 2E. P. 


| to both Triangles. 8 | 


THEOREM XXIX. 


The Square of the right Line biſecting any Angle of a 


Triangle and terminating in the oppoſite Side, together 
with the Rectangle under the two Segments of that Side, 


is equal to the Rectangle of the Sides including the pro- 


poſed Angle. 
| DEMONSTRATION. 


Circumſcribe the Tri- 
angle ABC with a Circle, 
produce C O to meet the 
Circumference in E, and 


angles ACE, BDE ſimilar, 


err by Cor. ee 
And | 2 EZACE=HEDCB, by Hypotheſis. 
Hence 3 CE: CB::; AE: CD, by Th. 11. 
'Theref.. | 4 þ+CEXCD=CBXAC.--- 7 
But | .5 | CDXCB=CDxCDÞDE.  _ 
=CD4+ Ex CD=CD*+ADXDB, by 
„ = 


Conſeq. | 6 | ACXCB=TD*+ADXDB, QED. 


THEOREM: XXX. 


The Hypotenuſe of any two fimilar right angled Tri- : 


angles being made the Raivs of two Circles, the Per- 


pendiculars and Baſes in each will be in proportion to 


each 


3 | <MAD= BAC, and CAM common 


join AE, then are the Tri- 


 - 


—  * Io, 


1 

each other, as the Sines of their oppoſite Angles, an- 
ſwering each Radius. 

| DuoxsrRATTION. 
Let the two ſimilar 

right angled Triangles 

be ABC, and A bc, mak- 

ing the Hypotenuſe the 

Radius, then BC is the, 

Sine A, when AC 1s | 

made Radius; and bc 

is the Sine of A when 

Ac is made the Radius; 

then by Theo. 11; 

Ab: AB:: hc: BC. 


5 THEOREM XXXI. 
If the Baſes of any two ſimilar right angled Triangles 
be made the Radii of two Circles, the Perpendiculars and 


: the Hypotenuſes in each will be in proportion to the Baſes. 
; as the Tangents and Secants reſpectively of the Angle at 


the Center, anſwering each correſponding Radius. | 
 DemonsTRATION. | | 

. Let the two ſimilar | 0 l 

right angledTriangles / n ] 

ABC, Abc be pro- | g 
poſed, then by The. 5 | | 

. 5 [i A | = | | g 
A: be:: AB: BC. _ ib B i 
Ab: Ac: : AB: AC. . E 1 

2 F. b. | 


Corollary, 


— 


172 1 
Corollary. Whatever proportion any Side of a given 
right angled Triangle that is made the Radius or Semidia. 
meter of a Circle, hath to the aſſumed Radius 10000000000 
in the Tables of Sines, Tangents and Secants, the very 
_ Proportion hath the other Sides of the given Til. 
angle. | 


" Sines | Sines ) 
When they become ö Tangents g to the 6 wan. of 
| | | | Secants Secants 
the ſame Angle in the Tables. 


THEOREM XxxII. 
Or Axiom 1. of Plane Trigonometry. 
As the Word on the Side given in any right angled 
Triangle from the Table of Sines, Tangents and Secants, 


is to the Side given, ſo is the Word on the Side required 
from the ſame Tables, to the Side fought 


 DeMoNsTRATION. - 


I. When the Hy- 
pPotenuſe is made Ra- 
dius. Let n be a 
Quadrant of the ta- 
bular Circle who: 
Radius Ac - 1 
100000C0000, and 


: rage from thence the whole 
: & Canon of Sines, Tan- 
: Y gents and Secants are 
1 = conſtructed and dil- 
A eee poſed into Tables 
1 SineLO0B — 5 mM 


. > 4... Stead 3 

eo} from the Tables 4 BC=Sine <A in 
8 8 | | AB Sine C 

the Triangle ABC. 8 

And ſince the tabular Triangle Abc is ſimilar to the 

given Triangle ABC, we have | Le 
Ac: AC:: be: BC. i.e, Radius: AC:: Sine A: BC, 
Ab: AB:: bc: BC, i. e. Sine C: AB:: Sine A: BC. 

| 5 II. Making 


Ol 


44 


93-$-:. 


II. Making either Leg Radius. 


en 
ia „ 
00 | OE 
Ty Here Abe is 
ri the tabular Tri- 
angle, and ABC 
is the Triangle 
of given to be ſolv- 


ed. 


Ab the Radius N 425 
bc Tangent ZA ę from the Tables. 
led Ac Secant <A | is 
AB the Radius 


its © IE 

N BC Tangent ZA in the Triangle given. 
red AC Secant A | | Wl Fo 

: * ſince the Triangles ABC, Abc, are ſimilar, it 

will be N 1 N | 3 
1 "oh AC:: A6: AB. z. e Secant A: AC: : Radius: 

. Ab: AB:: be: BC. 7. e. Radius: AB : : Tangent A | 
e 4 13 BC. | . | ; | * D. | 
4 THEOREM XXXIII. | 
ole Or Axiom 2, of Plane Trigonometry. l 

i The Sides of any plane Triangle, are in proportion to l 
and one another as the Sines of their oppoſite Angles, 1 
ole 1 DEMONSTRATI1ON. 4 
an- | | 1 
Are Wo. | 
dl K i 

; | 
in : Il 
the . 5 : 
N 

BC. . Ec ee waa — Ire rt ntnn - — : | | 
BC. eee 7 1 288 A | d | 3 : | 
ing | H | Produce , 


„ 
Produce the Side A C to 


Am, then will Ln = Sine A, 
and C = Sine ZB. Now 
the Triangle A C is ſimilar 
to the Triangle Am. 


7 
Therefore AC: C:: AA BC: nt, that is, 
As AC: is to the Sine of its oppoſite Angle B:: 


So is BC: to Sine of its oppoſite <A, . 


THEOREM xxxIV. 
Or Axiom 3. in Plane Trigonometry. 


In any plane Triangle, as the Sum of any two Sides is 
to their Difference, ſo is the Tangent of half the Sum of 
their oppoſite Angles, to the Tangent of half their Dit- 

ference. | | ON f | 

DEMONSTRATION, 


CLAN LN EE EE EE EY EE EYED) Ga p 
+20 CS 'S4a ” . 422 „ „ „%:? 2 * 2 6 9 „ 
—— 
22 „„ p 
dd i F WS 
L TS2 a. 5 
*a s 
: *@ > n 
N . 6 8 60 * 
8 , *40 00: 
| | * B | 


Let ABC repreſent the Triangle, on the Center C with 
the Radius CB deſcribe a Circle; produce AC to F, join 
F B, BD, and draw DE parallel to AB, then the bo 


4, fo. that ABC, and let 
fall the Perpendiculars C, 


of 


f 


1th 
oin 
um 


of 


19) 


of the Sides A £8 C=A F, and Difference of the Sides 
Ac, BC AD. 


But | 1 | <A+ABD=4BDC=£DBC. 


ABD 2 | A+ ABD+- ABD 


| LDBC+ ABD. 
That is, 3 | {LAp2ABD=LzABC. 
Hence | 4 | 2 ABD diff. As A and ABC. 
Re half their Difference 
Is 


LABD=#BDE, whoſe TRE is 
BE. | 


5 
Again] 6 S Dr Ene 
And / ZBDECE= ZDBC,; it wilt - 
„ 
N 3 DBC, 
. . 91 CAS ABC= 2Z BDC. 
Hence | 10 | - BDC=half the Sum C 7's A, and 


ABC, the Janget of which is BF; then fince the Tri- 


angles DBE, ABF are ſimilar, it will be 


Fa- DA FB BB, 2. E. D. 


THEOREM XXXV. 
Being Axiom 4. Fling Trigonometry. 


B every plane Triangle, as the Baſe is to the Sum of 
the other two Sides, fo is the Difference of thoſe Sides to 


the Difference of the Segments of the Baſe, made by a 
Perpendicular | let fall from the Angie 6 an to the Bate, 


| my, 


H 2 | DEMoNn- 


3 2 BD DBC BDC N 


—— ů ̃ ↄ V — —— — 1 = ** 
- — W——— — —— 
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| an avon; | | 
Upon C as a Center with the Radius AC deſcribe 2 
Circle, then the Sum of the Sides AC, CB is g GB, and 
their Difference, that is C B. - AC F B; alſo it is evi. 
dent that EB is the Differerce of DB and AD the Seg- 
ments of the Baſe ; then what is demonſtrated 1 in 'Theorem 
XIV. we have 
AB: BF:: BG: EB. 
AB : BG : : BF: EB. 


9. E. D. 
j; MVSEVM | 
[BRITANNICVM 
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eee eee, 
LOGARITHMICAL ARITHMETIC. 


133 Arithmetic. ſhews how theſe Parts of 
Vulgar and Decimal Arithmetic that confift of Mul- 
tiplication and Diviſion, may be performed oy Addition and 
Subtraction only. . 

Logarithms are artificial Numbers which are diſpoſed in- 
to Tables and placed againſt their natural Numbers, pro- 
ceeding from 1 to 10000, and are ſuch that the Sum of 
any two Logarithms correſponds to the Multiplication of 
their natural Numbers, that is, the dun of any two Loga-- 
rithms ſtands againſt that Number which is the Product of 
thoſe Numbers anſwering to the two given Logarithms. 

TMGE Eo ons, e 
Let the Number 84 its Logarithm 1.92427 
be multiplied by 5 — — — 0.69897 


The Product is 420 ſtands agſt irs I og. 2 62324 the Sum. 


The whole Number as 2 in this Example prefixed to 
the decimal Part of any Logarichm, is called the Idex of 
that Logarithm, and is always leſs by Unity than the 
Places of whole Numbers, in the Number anſwering to 
that Log arithm. | | en, | 

Thus 5742 the Logarithm is 3.75996 


$742 — — — 2.7 906 

$7.42 — — — 1.75906 

$:744 . 0.75900 
_ — 1.7. 906 


5742 
PROBLEM I. 
To find the Logarithm of any whole Number, 
bf . FOES 
Find the Number in the leſt hand Column, in the Ta- 


dles, and right againſt it, is its Logarithm required. 
| — 15 Examples. 


24-79] 
Examples. | . 
| 4273, its Logarithm by the Rule i is $.6307329 | 
41 — ͥ — — 1.612789 
8 — — — M — — o. 903090 | 


PROBLEM Il. 
75 * the Logarithm of any mixed Number. 


RULE. 


| Take the decimal Part of the Logarithm anſwering the 
given mixed Number, as if a whole Number; to which 
prefix an Index which muſt always be leſs by Unity than 
the Places or whole Numbers in the given mixed N amber, 


„ Examples. 
371.7, its Logarithm is 2.5701926 
41.17— — — — 1.6145809 
hl ii.. 


PROBLEM III. 


To find the Logarithm of any ewhole or mixed Nawber that 
exceeds the Limits of the Tables. 


RULE. 


Take the Difference between the two | Logarithms i in the 
Tables, which are the next greater and next leſs than your 
gie Number; multiply this Difference by the Figures in 
the given Number, which are more than the Tabular 

| Figure s, cut off as many Figures from the right Hand of 


the Product as you multiply by, the reſt being added to 
the leſler Logarithm, is the Aniwer. | 


Example I. 5 
ee the Logarithm of 471285. | - 


| Operatiix, 


[79] 
| Operation. 
471200 Logarithm — 5.673205 3 
471300 — H— — 66732974 


782 85 
5. 6732053 


47148 5 Logarithm = = 5: 6732835 pO RY 


| Example II. 
Nene the Logarithm of 825.814. 


825.8 Logarithm — 2.9168749 
"OOF. - EF 


825.814 Logarithm 2.9 168822 Anſwer. 


PROBLEM iv. 


Ary len being given to on the Number anſwering 


thereto. 


es 1 


Find the given Logarithm in the Tables, and right 


againſt it is the Number required 
Example. 


Required the Number anſwering the Log. 2.073 205 
Ee 


| 


Required the Number anſo ori; 
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Examine the Tables, and you will find the Number to 
be 471.2. 0 
But when the Number anſwering the given Logueithin 
exceeds the Limits of the Tables, then find the Difference 
between the given Logarithm and the neareſt leſs in the 
Tables, to which add Cyphers, and divide the Reſult by 
the Difference between the next greater and next leſſer 
tabular Logarithm, the Quotient (which will conſiſt of as 
many Figures as you brought down Cyphers) being an- 

nexed to the right hand of the Number anſwering to — 
next leſs Logarithm, is the Anſwer. 


Example 1 


Aeg che Number anſwering the Log. 3 72841 53? 


Operation, 
Next greater Logarithm — 3. 7284349 
Next leſs e — 3.72835 38 


— _—____—_—_——__—_—___—— 
Difference J ONE. 
| 


Given Logarithm — 3. 72840 53 
5350.00 Logarithm — 3.7283538 
. 8 

chad, 6181 75 


5350.75 Anſwer. 


gs II. 


Orc, 4 
Next greater „„ — 6.4214394 
Next leſs e — — 6. HO ALD; 48 


"Diſcs VV 1646 


Given Logarithm PET 4213713 | 
2638000 0 — — — 6.412748 


6586.2 — — | 
—— 1646). 95. 980908613 2 
2638 586.2 Anſauer. 5 8230 


—— 


| 14200 
13168 


—— en 


to the 7 Log. 6. 42137157 


Sc. Mor- 


a0 
| 4d 


ur- 
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MurTiwIeaTION 5 Logarithns. 


. 
70 fad the Product of two given whole « or mixed 
Numbers. 
9 


Find the 1 of each given Number, and their 


Sum will be the Logarithm of the Product, whoſe corre- 
ſponding Number had from the Tables, is the Anſwer. 


Example I 
Multiply 94 Logarithm 1.92427 
by F 


Product 2100 — — 3 32221 


—ͤ —L—G 


| ey Example I. ; 
Multiply 41.5 I 61804 
„ — 0.85973 
Product 300.4 2.47777 
CASE U. 
wen both or either of the F actors are leſs chan 
Unity. 
RULE. 


Remove the decinel Point towards the right Hand till 
the firſt Figure becomes a whole Number, with which 
take out the Logarithms, and find the Product as by 
Caſe T. then remove the decimal Point as many Places 
towards the left Hand as you before removed it to the 
Right, and it is the true Product. 1 5 


Example I. 
removed. 
Melpiy 34 — 5.4 Logarithm 0.73239 
by — .25 — 25 — — 0.39794 


— ENISOINY 


Product 1.35 13.3 — T1033 


Example 
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Eranple II. 
removed. | 
Mattiply 74 — 7.4 Logarithm o. leet 
by $.25 — 5.26 — — 0.72016 


Product 3.885 38.85 13809390 

i oo u 
Example III. | ? fi 

removed. 3 | 
| Multiply 742 — 7.42 Logarithm o. 6700 t 
by 421 — 4.21 — — 0.62428 : - 
— — e > x t 
Product .312382 31.2382 - 1.49468 d 


Divisiox ty Logaritbhns. 


AS E I. 


To divide a whole or mixed Number by a leffer whole 0 
or mixed Number. 
„ E. 


From the Logarithm of the Dividend ſubtract the 
Logarithm of the Diviſor, and the Remalyder i is the Lo- 
e of the Quotient, 


Example I 


Divide — 624 Logarithm 2. 29518 
by — — 26 — — 1.41497 
Quotient "It — — 1.38021 
Example II. | 
Divide — 1221 Logarithm gz. 08671 TT 
by — — wy — 2191062 i Q 
8 —— 15 3 =1.17609 
Example ul: 
_ Divide — 34.86 Logarithm=1.54232 
by — — 8.3 — =0.91907 
tien ²ð ò =o.6322% 
2 — TO 


L833 
1 0 ASE . 
When both or either of the Factors are leſs than Unity. . 


R UL E. 


Remove the decimal Points till the Factors contain 
whole Numbers, and the Dividend the greateſt, with which 
find the Product as before. 

Then if the Dividend be more Places removed than 
the Diviſor, by the Exceſs remove the Quotient to the left 
Hand. But if the Diviſor be more Places removed, by 
the Exceſs remove the Quotient to the Right, and it is 
done. | | 19 0 

Example I. 

removed | | 
Divide 72 42 — 72 42 Logarithm 1.8598 5 
or „ $43 ;— můꝶhmmgqq;ñõ = 2073490: 


ole Quotient 1.81069 1.81069 — ga =1:12505 


= Example II. 
the 1 T . 
Lo- Divide 8.759 — 87.5 Logarithm=1.94200 
in en er I FLIOR 


Quotient. 17013 1.7013 8979 


Example III. 

„ removed. 
Divide 7824 — 7.824 Logarithm go. 89342 
by — 4321 — 4.321 — — S0 63558 


Quot, 1.81069 — 1.8106 — — . 25784 


PROBLEM v. 


1 - —— 1 hy 2 4 r 
has FC ane LA I FRO I ES 8 be 


70 Square, Cube, c. any given Number by Logarithms, 


RU LE. 


| \ Mateply the Logarithm of the given Number, by the 
AST Index o che Power Tought. | 


Nate, 


w”. L. +00 We” FAS a re 


[ 84 ] 
Note, 2 is the Index of the Square, or ſecond Power, 
z is the Index of the Cube, or third Power. 
. 1 Se. 
Example I. Example II. 


What is the Square of 51? | What is the Cube of 12? 
51 Logarithm=1.70757 12 Logarithm=1.07918 
i 


Index — — |] Index — — 3 
Anſaver 2601 =3.41514 Dube 15 1728 n 


PROBLEM VI. 
20 extract the Roots in Logarithms, 


a op A oe 
This is only the Reverſe of the former Rule, namely, 
divide the Logarithm of the given Number by the pro- 
poſed Index, the Number anſwering to the Quotient is 
the required Root. ES . 


| Example 1. 80 Example II. 
What is the Square Root | What is the Cube Root of 
of 144 ? . „ = a | 
3 -1 
144 Logarithm=|2.1 5836 | 1728 Logarithm: ;. 23750 
Anſaæber 12 1.07918 Anfever 12 =1,07918 


| — 


To work the Rule of Three Logarithmically. 


Add the Logarithms of the ſecond and third Terms to- 
gether, from which Sum take the Logarithm of the fit 
Term, and the Remainder is the Logarithm of the fourth 
Term fought, where Radius is 10. As is evident to any 
one that peruſes the Solutions to the following Caſes in 

Trigonometry, N 


PLANE 


[83] 


ISIS ISSISSHISSISSSTSSSb$$$3 $4 $44 $34 $44-$ 


3 ee is a Rule by which we learn how to 
compute the Length of the Sides and Quantity of the 
53+ IN Angles oa all manner of plane "Triangles, from propet 
Data. 5 55 Fg a Pp pM | 
In order to which, there is calculated and diſpoſed into 
Tables, the Length of the Sines, 'Tangents and Secants of 
each Degree and Minute of the Quadrant of a Circle 
whoſe Radius is 10000000000, and theſe are called na- 
tural Sines, Fangents and Secants. 5 1 
But with regard for accommodating the aforeſaid Ta- 
bles to Practice, the Logarithms of the flatural Sines, 
Tangents and Secants are diſpoſed into Tables, which are 


rithms I made uſe of in theſe Sheets are taken from Mr 


Satling an the Sea, the decimal Part of which are carried 


ot of Jo five Places only, being abundantly ſufficient for moſt 


practical Ules. = 
| |  Ax1omns. - | 
I. In right angled Triangles, any Side being made the 
7016 Nadius, Semidiameter or Sweep of a Circle, the other 
1 wo will be Sines, Tangents or Secants, which Words be- 
ig writ upon, or expounded. b., them, it will be 
As the Word on the given Side, | 
Is to the given Side: 
So is the Word on the Side required, 


ms to- To the Side required. 

1C Grit | 1 2 

fourth C | 

tO any E 

aſes in 1 
J 
2 

ANE R 
B. 


IeLANE TRIGONOMETRV. 


—ͤ—ũ—ä— —ͤ—— — 
— - 


— — 
— es ow 


called artificial Sines, Tangents and Secants. The Loga- 


Emerſan 3 Tables in his Book of Navigation, or Ar: of 


. FO Nee tt 
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N. B. The Word on any Side 
of a Triangle, is to be under. 
ſtood the Sine, Tangent or Se- 

cant of the Degrees and Minutes 
which are contained in the Angle 
expreſſed by that Word. 


II. The Sides of any plane Triangle, whether right 
or oblique angled, are in proportion to one another, as 
the Sines of their oppoſite Angles. | 
III. In any plane Triangle 
| As the Sum of any two Sides 
Is to their Difference, TE 
So is the Tangent of half the Sum of their oppo- 
ſite Angles „ 
To the Tangent of half their Difference. 
IV. In any plane Triangle 5 : 
As the Baſle is to the Sum of the twd other Sides, ſo i; 
the Difference of thoſe Sides to the Difference of the 
Segments of the Baſe, made by letting fall a Per- 
pendicular from the Angle oppoſite the Baſe to the 
Baſe, Ty | *ͤꝙFNVVo- 
V. Half the Sum of any two Numbers being added to 
half their Difference, gives the greater Number. But, 
Half the Difference taken from the half Sum, gives the 
teſter Number. 5 „ 8 
VI. Having the three Sides of an oblique Triangle 
given, to find an Angle, | | 5 
Set down the Side oppoſite to the Angle required, and 
under it the other two Sides; from their half Sum ſub— 
tract each Side in the order they ſtand, then find the con- 
plement Arithmetical of the Logarithms of the half Sun, 
and firſt Remainder, and alſo the Logarithms of the other 
two Remainders, then will the half Sum of theſe four 
Logarithms be the Tangent of half the Angle ſought. 
The Ar:ith. Com. of a Logarithm is found by beginning 
at the Index, and writing down what each Figure want 
of q, all but the laſt, which muſt be from 10, 
When there are two Figures in the Index, reject the firl, 
and work as before. 


VII. Ar 


Side 
Ader. 
Se⸗ 
nutes 
ngle 


Tight 
r, as 


»Ppo- 


ſo is 
of the 
Per- 
0 the 


ed to 
Zut, 
yes the 


1angle 


, and 
n ſub- 
e con- 
þ Sum, 
e other 
ſe four 
ht. 

100108 
Wants 


he fr 
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VII. Any two Sides of a plane Triangle taken together, 


are greater than the third that remains 


VIII. The greateſt Side of every Triangle is oppoſite 


to the greateſt Angle, and the greateſt Angle oppoſite the 


oreateſt Side. 


IX. The Sum of the three Angles of every plane Tri- 
_ is equal to 1809, therefore 8 | 


. If two Angles of a plane Triangle are known, the 
third is alſo known, being found by raking their Sum 
from 180 Degrees. = | 
XI. If any Angle be obtuſe or greater than go Degrees, 


each of the other two will be acute or leſs than go Degrees. 
XII. If one Angle be right or 90 Degrees, the Sum of 
the other two will be go Degrees. 


* 


XIII. If one of the acute Angles, in a right angled 


plane Triangle, be given, the other is alſo known, being 


found by taking the given Angle from 90, and this De- 


fect is called its Complement, 
RN nd tf as 
The Hypotenuſe and Angle at the Baſe being given, to 


; und the Baſe and Perpendicular, 


It will be proper to obſerve, 


1. When a Side is required, begin with an Angle op- 
| Pobite to a given Side, ws 


2. When an Angle is required, begin the Proportion 
with a Side oppoſite to a given Angle. | 


5 Example. 


In the Triangle ABC, 


right angled at 3. E 
00 
Are given 2 - 4 0 
Required AB and BW. 
1 Geometri:al 


* — — 899 2 LC FIPS 
£4 0 0 rs. + * a 
3 2 2 2x » 4 5 2 


8 —757˙Vvꝰ — . ——̃ — — 
ny * — - 3 4 


E.38} 


Geometrical 8 Ce” 


Draw any right Line AB, make ZA==282 4“, anddray 
the Hypotenule AC=34 from any Scale of equal Part, 
fitted to your Line of Chords, from the Point C, let fall 
the Perpendicular BC, and it is done. | 


en } 


BC= 5 e the ſame Scale of equal Parts 


Numerical Solution, 
From go”: 
take EA 28: 4 


C61 : 56 by Ax. 13. 
To find BC. 


As Radius, Sine 90 (B)) 10.00000 


To Hypotenuſ 3 Log; „ 53148 
20 is Sine LA 28:4 9.5725 5 


— — ; 


To BC=16 Log. = - . 1. 204 


To find AB. 


As Radius, Sine go? Ss oo” 10,00000 


Is to Hypot. AC=34 . —— —_ 
So is Sine Ci 560 3 9.94566 


To AB=30 Log. - POM - - 1.47714 | 


CASE II. 


Given the Angle at the Baſe and the Perpendicular to 
find the Hypotenuſe and Baſe. 


E . 


Cc 


In the Triangle A 5 C, 
right ms at B. 


Are 


== . 
Are een IN 52 |} nequird AC, AB. 
_ Geometrical Solution. | 
At any Point B draw BC perpendicular to AB, which 
make =12, from a Scale of equal Parts, then from the 
ts, Line of Chords make the -C=53*® 8 (for 90%—360 52 
| =532 80) draw the Hypotenuſe CA, and where it meets 
the Ts AB the Triangle is conſtructed, which meaſured 


from the ſame Scale of equal Parts the Perpendicular was | 
laid down, you will find AC zo, and AB=16. 


Numerical Solution. 
1½, To find AC. 
From go? 


take A= 36: 52 


— — — * 


BS. oo —— A net ͤͤ —— —ͤů— 


Remains 40. 53: 08 


As Sine ZA=365 52. — — 9.77812 


Is to perpendicular BC=12 — 1 
So is Radius 90? — — — — 10.00900 


DCIS —ͤ KK 


10 Hypotenuſe AC=20 — — 1.30106 


„ To» fund AB. 8 f 
As Sine ZA=369 52 — Com. Arith, 0.22188 
Is to BC=12 — — — Log. 1.07918 
So is Sine LC=539 &' — — — 9.90310 


To AB=16 — 5 1[1-20416 


r 0 Or AB may be found thus, now AC i 18 found. | 
As Radius Jo? - ww." ( 00000 


Is to the Hypotenuſe AC=20 — — 1.30106 
So is Sine C= 3 89 — — — 9.90310 


0. %%%%%%ͤöͤͤͤ ⁵ĩÜoùsw x 


Are 5 


0 
l 
/ 
e 
[ 
' 
| 
: 
[ 
: 
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Cc A . 


The Angles and Baſe given, to find the Hypotenuſe or 
8 r, 


9 Example. 

C 

1. Lathe Baſe AB=36, and 

LZA=430% o2. © 
Required the Hypotenuſe 

| AC and Perpendicular BC. 


B 


AE 


L 
＋ 


| | Geometrically. 
Draw the Baſe AB which make =36, from the equal 
Parts, raiſe the Perpendicular BC, make <A=35" 52 
from the Chords, then draw AC, and where it cuts the 
Perpendicular BC in C, the Thing is done ; and AC mea- 


ſures 1 
IP i Calculation. 


From ˙¹ 


take . A= 36: 5 * 


Remains C= 53: 08 


As Sine . 5 — —— 990310 


Is to Baſe AB = 36 r 5 — 1.55630 
So is Radius Sine 90% — == — 10.00000 


To Hypotenule AC=4s — — — 


bs to Baſe AB=36 — H— — — bes 
So is Sine LAZ369 52) — ww — 9.77812 


To the Perpendicular BCZ=27 — 1.43132 


CASE 


Or 


right avgled at B. 


1911 


CASE W. 


Given che Hypotenuſe and Perpendicular, to find the 
Baſe and Ange. | 
Example. 


8 


In his Triangle AB C, 


— 


Are giv ren 2 = [ gebe AB and 2 AKC. 


Geometrically. 
Draw AB, upon which raiſe the Perpendicular BC 24, 
then with the Extent of 4%=AC with one Foot in C cut 
BA in A, join AC, and it is done, and AB meaſures 32 


from the equal Parts and LA, 36? 52 from the Line of 


Chords, wherefore 90% —363 52 253 : 80 . 
Calculation. 1 
As the Hypotenuſs ACS= 40 — — 1.60206 


Is tO Radius 90 02 — —.— 3 — 10. ooo 
So is the Perpendicular BC =24 — 138021 


To Sine ZA=36? 52 — — — 9.77815 
- From: gon: ..- > 
take A 36: Xa 4 


| Remains s 4C=53 3 8 


As Radius go? — „ „1 
Is to AC=40 5 — es 
So is Sine £<C=530 8“ — — 9.90310 


To the Baſe AB=3z == — 1.50516 


— —— 


CASE 
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AS E V. 
= Oben the Hypotenuſe and Baſe to find the t Angles and 
— 
Example. 
20 


Let Hypot AC=; 
Baſe AB=s5 


Required <£'s A, C, 


and Perpendicular, | 


| Geometrical Solution, 
From the onal Parts draw the Baſe AB= =55, at B nd 
the Perpendicular BC, * with the Extent of 73, and one 
Foot in A, cut BC in C, draw AC, and it is done. 


BC=48? h Nap ofoke | From 
Meaſured Pre Iden 99" J take LA. 


Remains 48: c3= sc. 


Calculation. 


As the Hy potenuſe AC=73 — — 1. 465355 


Is to Radius oo — — 10.00000 
So is Baſe AB =I — — — 1.74930 


. To Sine C= 48 53 — ww 9.87704 


— r_—_— 


As Radius 909. — — — 2 10.00 25 
| Is to AC=73 — — — — 1886332 
So is the Sine of ZAZ419 775 — 9-81795 
1 To the Perpendicular ÞC=48 — 3.68127: 


4} | A CASE 
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As VI. 
and Given the Baſe and Perpendicular, to fnd the 2 
| uſe and Angles, 
Exanple. 
Let Baſe AB=45 
3 PerpendicularBC=28 5 
5 Required AC and — 2 
0 and C. : 


 Gwmnerical "FREY 5 
From n the equal Parts make AB = 45, raiſe the perpen- 
dicular BC which make =28 from the ſame Scale, join 
the Points A and v4 Kong it is done, | 
Meaſured FELL = 31253 ˙ take 
3 90 : oo from 


ECzz58: 7 Remains. 


3 Calculation, 5 
As Baſe ABEs — — 1.65321 


; Is to Radius Tangent 4 gY | — : 10.00000 
5 So is the Perpendicular 8C=28 — 1.44715 
5 To the Tangent LA=Zz10 53/ — 9.79394 5 
u From go 

take LAZ 31:33 
£ / Remains c= 7 
| As vine W men 5580 7 — — 9. 92897 
4 Is to the Baſe AB=45 — 1.65321 
wg So is Radius Sine go — 10. ooo 
4851 To the Hypotenuſe AC=53 — 1. 72424 


* 


| OBLIQUE PLANE TRIANGLES, 


* * 2 
Bee 
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[94] 1 


Od ſerwation. By making the Hypotenuſe Radius, eac 


Side becomes Sines of their oppoſite Angles, and therefore 
the Sides are in proportion to the Sines of their oppoſite 
Angles, and the contrary by Axiom 2, and this muſt be 


allowed the moſt elegant when it can be uſed ; which ! 
have done in every Cale except the laſt. | 


6 


nnn 


1 CASE I. 
Given one Side and the Angles to find the other two Sides 
2 88 : Example, : 
=: 
In the oblique 
| | Triangle ACB, 
A 5 8 B 
neee | 
Are given J £B= 53 : 8 > Required AC and BC. 
(AB = 42223 


Geometrical Conſtruction. 
Make AB=42, draw AC making the Angle A=28 4, 


alſo m— the <B=53* 8', draw BC, and where it 


meets AC the Triangle is conſtructed, 


55 Calculation. 
From . | 1800: o 
1 ZA 28:4 | 
Take} 252 53: 3 


— ͤͤ—— — 


Sum g 81: 12 


Remains £C=98 : 48 its Supplement is 81 
| | — 12“ which uſe. 


As 


is 815 
h uſe, 


As 


To ACS — 
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As Sine £C=982 48 — 9.99485; 


Is to AR=4.2 — — 1.6:32; 
So 18 Sine EAR 289 4 — 9.6725 5 . 


To BC = 20 + nn — __ 1.30095 


As Sine ZA=28) 4” — — 9.67255 


Ts to BC=20. | - 1089 
So is Sine ZB=53*2 8 —d 9.90310 


53150 


Or you may find the Sides thus. 
As Sine £C=980 48' —— Co. Ar. 0.00514 
Is to AB=42 — — 1.62325 
do is the Sine A= 28 4 — 9.672585 


—— —— 


As Sine £C=98> 48' — Co. Ar. oo 514 
Is to AB=4g2 —— — 162325 
So is Sine £B=532 8“ . 


To AC=34 „ 2 — 4.4140 


CASE 


to find the reſt, 5 


Two Sides and one Angle oppoſite to them being given, 


N. B. When the given Angle is oppoſite to the greater 
given Side, this Caſe has one certain Anſwer : But when 
the given Angle 1s oppoſite to the leſſer given Side, this 
Caſe will then have two true Anſwers, as will evidently ap- 
pear by the following Examples. | ; 


Example 


EH - 


| Exanple I. 
0 5 
In the oblique 
Triangle ACS, 
AB——  —}p 
AC==859 
Are given 4 BC=50 A AB and FEY 5 
| . 


Geometrical Conſtruction. 


Draw AB, and alſo BC=50 making E 95 
then with the Extent of 85, and one Foot 1 in C, cut BA 
in A, and it is done, 


AB=105 
Meaſured | ©%='05 5 
As AC=8; — | —— 1.92941 


To Sine ZB zz 8 . 9.90310 
SO is BC=50 — 5 , 69897 | 


| 


To Sine ZA=28? /7 —— 9.67266 


| 


„„ | 180: 00 
e 
Take LB==5$3 8 


Sum 81 2 12 


Remains aeg. 5 by Ax. 10. 


As Sine ZB gz 8⁵ 


9.90310 
Is to Ac 85 — —— 1.92941 
So is Sine <C==9892 48 — 999 9485 
To AB=i05 — — 2.02116 


— —ũ—ũ—C— OS — 


1 
Or thus. | 
As AC=85g — — — Co. Ar. 8.05058 
To Sine £B=532 8 — — — 9.90310 
SO 15 e — — — — 1.69897 


To Sine ZA=28%: 4 — — 9.6726; 
£B=53.: 8 e 


Take 81: 12 
from 180 : o 


E298 438 
As Sine £B=5398' — Co. Ar. o.o9689 


Is to ACS T 1.92942 
So is Sine cs * . — 9. 99485 


To AB=10z — — —_ — 2.021 9 
. Example II. 
SC=co::-.2 | 
Let & AC=8x - Required AB And £4 sB and bo 
(Ai | 


3 | 


Drive AB, and AC=85, making the LA = 280 45 
then with the Extent of 50, and one Foot in C, cut AB, 
in the two Points B, 6, join BC, bC, and either of the 
Triangles will be that required, 


& 


"I 


Meaſure 


e 
AP=105 Ab=45. 
Meaſured Cs 480 e 4 
| Tek Calculation, 
As BSZS C. Ar. 8. 30 103 


Js to the Sine = 28“ 44 — — 9.67255 


So is AC 85 — — — — 1.92942 


To Sine <B=<Co2B=5398' — 9.90300 


ak TIT F\ 


Fromm nn 180% oO 


. 
Tobey EE 1 


Sum 81 : 12 
Remains ZACB 98 : 48 


0: = 


From ECB 3 
984 


take < A 


— „ 
ED 
VT. ay 
— — 


* Romaiiis Ach 4 
And AAvWC=126 : 52 by Ax. 10. 


As Sine A= 280 44 — Co. Ar. o. 32744 
Is to B= | =o — — 1.69897 
So is Sine ZACB=g8% 48“ — — 9.99485 


To ABS 5 — — — — 4203126 


As Sine LADS? 4 — Co, Ar. 0.32744 
Is to Bo — — — 1.69897 
90 is Sine LACb=259 7 — 9.62703 


———  —— 


GSE . 


* 


Two Sides and their contained Angle being given, © 
Hud the reſt. 


Exanii 


a 


1ven, 00 — 55 


FE xamph 
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Example. 


AB 64 5 „„ | 
Let J AC=48 > Required BC and EEC and B. 


A 3614 

Geometrically, 
Make A B=64, | 
and ZA=300 14', 
draw ACwhich make 
=48, join BC, then 
will the Triangle A 
CB be that required, A 
BC meaſures 38, and 
Ke 480 18, 


Calentation Ly 'y Res 3. 
42884 From 800: 00' 
AC = take LAS 36 ; 14 


Sum Sides 112 Sum=143 : 46. bac. 


Half Som= 71 : 53 


As Sum Sides 112 — — Co. Ar. 7.95078 
Is to their Diff. 16 — — — — 1.20412 


So is Tang. half .. cc, 53 10 5x2 


"To Tangent half their diff. =23% 35 9.64012 | 


To half Sumi: 53 From half Sum =7 19: Ty 
Add half Diff. =23 : 35 Take MD ay: 38 


—ů ̃—ꝛ—•—⅛ 6— — 


: Greater 2e =95 28 Leffer * 


— RRT ] 


As Sine £B=480 180 — Oo. Ar. o. 12689 
Is to Ac ö — 1.68124 
90 is Sine A= 36 ⁰ 14 — — 9.77164 


To PC=38 — — — — 1.579077 


KI 


The three Sides being given, to ſind the Angles. 
K 2 Example. 
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Example. 
. 
La) BC =32 fene 22 A, C, and B. 
LC AC=40 = 
Geometrically. | x; - 
> PL. | Make AB 


=52,with the 
Extent of 40, 
and one Foot 


in A, ſtrike an 

| | = Arch, alſo with 

A 20 | 4 „ the Extent of 
A | D 5 32, and one 


Foot in B, cut the former Arch in C, join AC and BC, 
and it is done. Make the Perpendicular CD. 


Meaſure 4 LADZS3791 57 


„ 

Calculation by Axiom 4. 
AC=40 r 
BC =32 z 

| Sum=72 Diff. 8 


Baſe. Sum. Diff... V 
As 52: 72 :: 8: 11. o diff. Segments of the Bat. 


5.53 half diff. Seg. 


To half Baſe 26 
Add half diff. Seg. = 5.53 


Sum Sgreateſt Seg. 31.53 D. 


Ha 


Rema 


—— —QB—Bᷣ 


From half Baſe een 
Take half diff. Sep. = 553 


Remains leſter Seg.=DB 20.47 
AC the Hyp.=40:-: 1 Ob. "4h | 
Given | AD the Baſe=31.53 Fo find the £ SA Hs e re 
\5 


101 


As Ac 4 — — — — — .60206 
Ts to Radius, Sine 90? F bong 
So is ADZ31.53 — — — — 1.49872 


To Sine 1 0110 — — 9.89666 
| From 90: oo | | 


| Remains ZA=37 : 59 
As BC=32 — — — — — 1.59915. 


| Is to Radius, Sine 0 J 
So is BDS 20.47 — — — — 1.3111 


To Sine <BCD=392 : 46' — . 9.8896 


From 90 : oo —— — 


Rema'ns £ZB=50 : T6 - 

Now ECEZACD+ZBCD=910 47” 
For - ACD=529 : or: | 
And BCD=39 : 46 


91 1 47 


Otherwiſe by Axiom 6, 
1 
AB = 52 
AC = 
124 


Half Sum 62 — — — — Co, Ar. 8. 20700 
30 — — — — Co, Ar. 8.52288 

Remainders 310 Log, — — — — 1.00000 
22— — = — — 1.34243 


[ OI 


19.07291 


Half is Tangent of 180: 59 9.53945 


| LAD37 i 57 as above, hence 
we ref will be found by Axiom 2. 
e I have 


Tl 


As Sine ACA. 9.48: 


Is to AB=4c 
80 is LAZ4S? 120 


_ To BCS 50.33 — 


I have purpoſely omitted the Solutions to the foregoing T] 
Caſes by Gunter's Scale, it being extremely eaſy to any way's 
Perſon that can but handle a Pair of Compaſſes. Grou 
I ſhall now proceed to various Uſes of a right angled 
Triangle, and the Oblique, with regard to the taking of 
Heights and Diſtances, &c. | 
: PROBLE M 'L 
Ty ro find the Height of a Torwer, Caſtle, Church, &c. when 5% 
can come to the Foot of it. | 
" 6 With any Inſtrument to os 
1 take Angles, as ſuppoſe a Wants 
Quadrant, you ſtand ſome many 
diſtance from the Foot of at B 
the Tower, as at A, and the R 
there taking your Quadrant 1 
Tk and directing the Sights of A. th 
it to C, and find the String $3 , 
F cuts the Limb at 48? 125 chus 
then find by meaſuring in a 
ſtraight Line how far you 
ſtood from the Foot of the 
Tower, and note the Mea- 
B ſure, ſuppoſe here 45 Yards, 
"then may the Height of 1 
the Tower be found. 
EC denotes the Tower or Perpendicular of the right An- ] 
gled Triangle ABC. 8 
AB the Diſtance meaſured 45 Yards, or Be of the Tri. 
angle. f 
AC Ne viſual Sight from the i to the Tower? 
Top, or Hy potenuſe. 
Now there is given Ag 480: 12 But 
"ACE 148 >to- fd BC. Foot 
AB = 45 Yards | other 
By Caſe III. and ir 


— — * 9.82382 


33 1.65321 
— — 9.97243 
— — 1.70182 


The 
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The Height of the Inſtrument above Ground muſt al- 


ways be added, which here ſuppoſe was 2 Yards above 
Ground, then | 


52.33 Yards is the Tower's OO 
P ROBLE M 11. 
To find the Breadth of a River, in 7G 


An Engineer comes to the Side of a River, as at B, 
where he is to lay a Bridge over it to paſs the Army, and 
wants to know the Breadth of it, in order to know how 
many Pontons he muſt uſe upon that Occaſion, Standin 
at B he ſees ſome Object, ſuppoſe at C, on the other Side of 
the River, and then making a right Angle with his In- 
frament, he obſerves another Object by the River Side at 


A, hen meaſuring to it finds it 49 Yards, and the A= 


53 20', hence the Breadth of the River may be found 
thus, See the laſi Fg: 


Given £A=;3% : 20 ER 
£C=36 : 40 Sto find BC. 
 AB=49 Yards „ 
As Radius — — — — — 10,00000 


—— 


Is to AB, 49 — 2 — 1.69019 
So is Tangent Eh. 53. 20' == 10.12815 


— — — 


To BC=65.82 — — ls — 1.81834 


But when the Caſe happens you cannot come to the 


Foot of a Tou er, Sc. by reaſon of Water, Enemies, or 
other Obſtacle, it is then called an ende Height, 


and may be foung by the ee | | | it 


N * 
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PROBLEM III. 
To meaſure an inacceſſible Height, 

_— = Atany con. 


venient Dif. 
tance from the 
'Tower, as at 
A, find the 
1 Angle of Alti- 
tude, ſuppoſe 
23? 34“, then 
1] meaſure in a 
Il flraight Line 
| towards the 
Tower, as to 
3 D, and ſup- 
B poſe it mea- 
ſiores from A to D 30 Yards, then at D take another An- 
gle of Altitude, which let be 5090. 


ere the ſight Lines AC, DC, and the diſtance Line 

AD form an oblique Triangle ADC, wherein are given 

the Diſtance AD = zo, and all the Angles to find DC, and 
conſequently BC. 


Firſt AD=230 
L.CAB=23289 + 34 
Doe: 9⁰ | 
SCB ze: Gl by Ax, 13. 


But ZADC=129® 51 '=£DCB+£B=39* 51-490? 
” by Theorem 8, _ 


Then A „ 34 
GADC=i29 3.51 


TY * yy 


| Take 158: 25 
5 | from 189 : co 


Remains LACD=21 35 by Ax. 10. 


BY 
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As Sine Z ACD 2135 — — 9.56567 


Is to AD=30 - . 1.47712 
So is Sine LAZ28? 344 — — 9.67959 


— — 


To fight Line DC=39 — qu 1.59104 


_ — — — 
— — — - — — _ „ 
— — RE , — Non. 
= OL CS tie nuke ens * * — — 2 0 
——— outer , _ 


As Radius —w — — — — 10.,00000 
1s £9 Hyp. DC=3g9g — — — 1.59104 
So is Sine £D=50® of — — — 9.88520 


| 


VN. 2 You may make uſe of this Problem for « finding the _ 
Length of unapproachable Lines, as thoſe of Places be- 
heged ; but never make the Angle DC A leſs than two 


Degrees, and if Ground will permit, go from DtoE at 
gut Angles, 


PROBLEM IV. 


To oe the Height of a Caftle flanding upon a Hill 


Firk find te 20 AD Glen ace; and GAB | | 
220, then meaſure in a ſtraight Line towards the Caſtle, Fi 
as from A to D, let be 40 Yards; then at D find C DB, bf 


let 630 207, and Z. GDB 4e, and you may from theſe 
dala find the Height, 


- —— $ 
GONE" Sw V 


— 
22 pr — — 
r IE E.- 49 
* 


Solution, 


rr 


—D 


8 y 2 — — 


= = Solution, 
LCAD=400 
EGAB=2z2 + 
EDB; 20 
Z. GDB = 490 | 
£DCB=200 40. by Ax. 13. 
LB ==00® | 
LZADC=1169 40'=,DCB+£B, by Theorem 8. 
LZADC=239 20“ by Ax. 10. 
And AD =40 Yards. Ph 


AC 


= 1 407 } 
As Sine LACD=239 20 — — 9.59798 


Is to AD==40 — — — — 1.60206 
So is Sine CAD 4Js — — 9.80806 


To ſight Line CD64 91 — — 1.81234 


As Radius — — — — — Ic. ooooo 


Is to CD=64.91 ww 6 81234 
80 is Sine C DBS Y 63 207 — ts 95115 


To BC zs the Hill and Caſtle — 1.76349 


— 

— 2 - - — — — —— 
—— — Rs ir 
— — ——— — — 


11948 it | 
Ea | | 85 11 
A Radius 8825 5 — — — 10. ooooo Wi 


Is to CD=64.91 — „ — 1.81234 | ui 
So is dine <DCB==2029 40' — — 9.65205 1 


r 


nd 
22 
— 
— — 
2 — 
= = * 


To DB 29 13 — — a; — 1.40439 


— 


As Radius — — — — 2 10.00000 


To DB=29.13 — — — — 1.46439 
So is the Tangent LGD3 —=499 — 10.06083 


1's nnn che Alt. 878 — 1.52522 


From Altitude of Hill and Caſtle BC 58 Yards. 
Take EG the Perpend. Hill — — 33.51 


Remains CG the Caſtle's Height=24.49 


—— — 


PROBLEM V. 


Coke 1 ; 


Let A, B, C be three Churches whoſe Diſtances are, ix. 
40e tes, BC=65. 5» ABS=53. 25. and ſuppoſe at ſome 
Station, 


, 1408]: 
| Studen, © as at E, I can ſee all thoſe Objeas, and would 
know their reſpettive Diſtances from me, I take an An. | 
gle AEB=139 30“, allo CEB=292 go', from thete ] 
data _ Diſtance from me may be found as follows, 


Jo Through A, C and E 


O geferibe a Circle, and 
draw AE, CE, and BE, 


B continue BE to D, and 
5 : join AD, DC, then there 
are given 
AC ies 
 BCz=6s. 5 


 AB==53.25 
 £AEB=13 30 —Z AED. 
<ECEB=29% Fo CRD, 
AEC 43 20'=, AEB+LCEB. | 
LADC=136? 40'==180 — AEC, by Theo. 8. 
ECD: iz 30'=LAED. 
pe nba. 50 CED by Cor. Th. 20. 
| Make the Perpendicular Bb, 
1. In the Triangle ABC, all the Sides are given to find 
the Angles. By Cale IV. 
BC+AB=118.75 the Sum of the Sides. 
BC—AB= 12.25 the Difference of the Sides. 
As Baſe AC = — — — 2.02530 


e 


Is to the dad S — 2.07445 
So is the Diff, 12.25 — — — 1.08813 


To che diff 8 Paſe=13, 71. 1 1.13728 


| Now half diff. 6. 855 
Halt Baſe 53 


Greater Seg bC— 59.855 


— — — 


Leſſer Seg. Ab== 46.145 


| 


1 
As AB=53-25 — — — — 1.72632 


—— ore. — — — J 
— —— — — as > 
—— —— — 
—— — — 
2 — — 
5 — —_— . « 


Is to Radius 90 2 10.688880 
So is Ab = 46.14 — — — — 1.66407 


—_ - — 
ny _—_ — . 
—  — 
— — 
— — —ñ——— 4 of » te 
—_ — 


, To Sme 2181605 . — 9.93775 | 
Then CBA 290 575 Es "= d ods. 
As BC=65.5 — — — — — 1.81624 


Is to Radius — — 


_ — I 0, 00000 
So is bC=59.85 — 


To Sine Abo bb. 3 
Then BC g 23 58 — 


And ene S S ABC. 
29 : $7 =Z£CAB. 


"23: $8=LACB.. 
2. In the Triangle ADC. 
ASC =1900 „ 
Are givens SDC r 50 to find AD, DC. 


LACB 5139 20" 
LADC=1 399 40 


As Sine £D=1369 40 — — 9.83647 


If o'AC=f06 | 208838 
So is Sine Cg 13 3o' — — 9.30818 


To AD=36.06 „„ 1.55701 


As Sine £D=136% 40' — — 9.83647 


Is to Ac 106 „ 5 
80 10 r — — 9.6907 


To DC=76. 85 — — — — 1.3856 


And -DCB= 3792982 ZACD4+ZACB.. 

3. In the Triangle BCD, are given two Sides and the 
contained Angle to find the Angles, by Cafe III. 
: L 


1 10 
AC 76.85 7 
BC 65. 5 Fto find the Angle D 225 B. 
—£DCB=37o 28) 
DC+BC=142.35 Sum Sides, 
DC—BC=11.35 Diff. Sides. 


180%—£379 28'=142" : 32 Sum Angles D and N K. 
71 : 16=half Sum. e * 


As Sum Sides 142. 35 | is — — 2.15320 
Ts to the Diff. 11. 33 ͤ—— — 106499 
; Bo! is Tang. half Sum=71® 16” — 10.46963 


To Tang half Dif. 213%: 144 — — | 
an Sum=71 1 3 


 4BDC=, : 30=greater FEY I 


en: : 02=leſſer Angle. 
From 1800 DR 
. 0 From 1809 
| 125: 
£LCBE= 9g; : 30 
EB 29: 5o ROT 49. 


1 In the Triangle EBC. 


| 1 GET 
£.CBE=9;9 >30' to find BY, 
} £CEB=29 : EC. | 


50 
ECB = 5A: 4 by Ax. 10.) 4 
As Sine Ea 50 — — — * 5 


Is to BC=65. 5 — — — — 151624 : 
So is Sine £C=540 40 — — 9.911535 


0 


To BE 107. 4 — — — — 2.03105 
=” 


fin} 


As Sins abi. 00 — - 29. 69677 


$0 1s Sue Aer. 30 — — 9.99799 


To EC=131 N — — — 2.11746 


In the Triangle ABE | . | 
{ AB=53.25 Wn 
BE=107.4 3 
Are given 4 LE=13* 30 Veosndak. 
Ee + Ft | J 
e 25 by Axiom 10. J | 
As Sine LE=139 * — — 9.36818 
Is to AB 53. — — — — 1.72631 
do is Sine £B=1389 25 — — 9.82197 


To AE=151-4 — — e 2.18010 


| | 'PROB. v. Coe II. - ü 

Suppoſe the three Objects A, B, C were fon from E, 
and ſtood as 4 Figure, whoſe Diſtances are AC=12 
Furlongs, AB =9 Purlongs, and BC=6 F urlongs, the 
Angle AEB = 33 45', and CEB 220 30, it is required to 
determine how far E is from A, B, C2? | 

Firſt make a | 

Triangle ABC, 
with- the three 
given Sides, draw 
CD fo as to make 

n Angle with 

. AC S AEB = 

f 55 45% and at 

4 draw AD fo as 
to make an Angle 
with AC 4. | 
CEB= 222 30, 
through the three 
Points A, C, E de- 
ſeribe a Circle, 
produce BD to 


dhe ſtation 
vil: Place 


TALLER 
dt . 


* 
ch WA . ov” 
. 2, 2 
„ 


E, 


1 15 1 


E, and j join AE, CE, then EA, EB, EC wie the Line 
required by the Queſtion. 


1. In the Triangle ABC, all the Sides are given to find 
the —— 'By Ax, 6. | 
| To find <A. 


2 
Sem az 
Half Sum =13. 5 Co. Ar. — 8.8696 Th. 


5.5 Co. Ar, 12 — — 9.12494 


dere, 5 Log. — — — "== 6.1566h 
4-5 * 35 


5 1 8.82391 


| Tang. 5 : . 9.41195 


ZAR : 57 


By the fame Method you will find elbe 347 and 

bio 29", whence there are 

CEBAC=28T gf! :-: 

4 $CABC=104* 200 | 

 LZACB=4062 34 

ADACS229 50 =CED, by Cor. Th. 20, 

LDAB=69 27 SAA - DAC. 

4 LADCS=123® 45" by AF. 10. 
 £DCB=122 49 = ZACB—ZACD. - 
L<DCA=Z33 * * 45 ak, by Cor. Th. 20. 
LAEC=5 "Go 15'=ZAEBF+ <BEC. / 

"2; In the Triangle ADC, are given al the og and 

Side AC to find A 


As Sine ZD=1 23 45 — — 9.91984 


Is to AC=12 — — — — 18 
So is Sine £C==339 45 — — 9.74477 


Given 


L 
Are 


$01 


1113 


3. In the Triangle ; ADB 


Are ge AD=8.018\%to find the "_— D & B. 
£ZDAB=69 27 


1 As Sum Sides 17.018 — — fk 1-44690* 


; * 


Is to their Diff. .982 — — — 1.99211 
So is Tang of half Cs D & B=869 46' 11.24801 


To Tang. half diff 430 37 — 10. oo 922 
From 86 : 46 - 


Ae : 09 


ADE 36 ABE+DAB=£ ACE. 
4. In the Triangle ABE 
| EAED=330 : 45“ 


Are gien gate, 9 Vo find AE and EB. 
i r 5 


A; Sine <AEB=33% 45 — 8 9.74473 


Is to AB=9 — — — — — 0.95424 
SO 18 Sine r 99 — — 9.81824 


— 


To AE = 10.5 — — . 1.02775 


As Sine Carne z 45' —  _- _- $-74473 


15 to AB=g — — — a 0.95424 
So is LBA 105 66 — — — —— 


d 10 EB=15.64 — — a — — 1.19425 


—— — ͤ ——4ͤ—ä 5 


5. In the Triangle EAC. 


£CAE=76* g'= =ZBAE— BAC. 
Are n. LAEC=560® 15 
AC=i2z to find EC. 


L 3 | Ag 


4] 


As g. 15 n — 99184 


Is to AO=12 „„ 89249 
So is Sine e of — — — 9.9871 


To EC=14 01 — a — TY 1. 14652 


i 64 
Bess Ol 


PR OR. V. GM. 
Let us again ſuppoſe the Place of our Station was at 


| D, ſomewhere within the Triangle of the three Objects, 


as in the under Figure, whoſe Diſtances from each other 
are as in x the laſt Problem, where being at P, Jobſeried 


+ « 
CY 
* 
* 
N » 
2 TITTIES 3 N 
A . e eee, TALL LOAD. 


The -DAC=222 30, | 
4;  <ACD=332 45 
Cuen LADCS1239 45 * Ax. 10. 
CAnd AC=12 to find AD, DC. 


As Sine ZADC=1239 45 — — 9: 91984 
0 07918 
80 is Sine LZDAC=229 300 — — 9.58283 


To DC==5.523 — — — — 0.74217, 
As 


angl 


275 
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4. Sins ZADC=1 240 a = { 9.95984 


Ito AC=12. — — — * 1.07919 
So 1s Sine r al — aa 974473 | 


6 — — — ny, - e 


Given. two Sides * the contained Angle i in the Tri- 
angle ADB, to find DB. 
As Sum Sides 17.01 — — — 1.23070, 
1 0 thr DIS f rr Ee 0 00432 
So is Tang. half Sum . 86460 11.2480 


To Tang. half diff, 46 : 26 10. 02153 5 


Remains ab dars 20 > and ee 
27'=ZBAC—£DAC.” | 
As Sine EABD=400 20 — — 9.81 106 
— — 
Is to AD=8.01 — — =, — 0.90407 
So is Sine LBAD=69® * — — 2 


To BD=1.392 = —— r 0.14352 


Hence AD = 8.01, DC 5. 5 23, and DB=1.392. 

I have been more particular in the Solution of this Pro- 
blem ſince the ſeveral Varieties of it ariſe from the diffe- 
rent Poſitions of the Station E, than any of the foregoing; 
becauſe this Problem is of very great uſe for drawing Maps 
of Countries, or laying down Rocks, Sholes, or Sands, 


in Sea Charts, as it is done a one. Saticn. or. * one 
ſingle Obſervation. 


p ROB L E M VI. 


Let Figure J. repreſent two Baſtions of a Fortification, 
with a Raveline, and it is required to-plant two Batteries 
to play on the Faces AH, BF of thoſe Baſtions, to deter- 


mine the proper Diſtances where the Batteries muſt be 


| 1 © 
 Suppals 


I 1161 
3 at ſome convenient Diſtances, zz at R and 8, 
I pitch upon for the two Places of my Station, whoſe Dif. 


tance I meaſure ſuppoſe 155 Paces and at Rand 8, I 
take .the follow ing Angles, ” 5 
EA RBA r 
2 BRS 40: a] 
ASB =58 : 
LASR=39 : 16 | 
To find the Diſtance of each Battery R and S, kum the 
ſaliant Angles A and B. 


1. LARBFEZBRS —=£ARB= =04* 7' and RAS 


46* 37 by Ax. 10. 
2. GASRELASB=LBSR=97* 40 and £RBS= 
359 30' by Ax. 10. | 


1. In the Triangle ARS are given 1 ſhe Ange, an 
Side RS, to find AR and AS. 


As Sine AAS ab: 37 — — | 9.86140 


To RS=1g5 - — — — — 2. 19033 | 
So is Sine ARS r — — 9.99888 


yin — —— 


T AS 212. E ˙ᷣ ' 81 | 


. 
To ASS 2212.7 — — = ow : 2.3270 
So is Sine C. ASR—39® 16 — — 9.80136 


To AR==1 35 __ — — — — h 


2. In the Triangle BSR al the . and Side RS, 
are given, to find BR and SR. 


As Sine SBR z5 30 — _ 970005 


— — 


To SR 55 . 2.19033 
So is Sine ae * — 9.86295 


To S3194. — — .- — 2.28933 


As 


. Pace 


U 127: 17 
As Sine RBS zz 30 —— 9569 
t — | 
To RS= - TIE n 
So is Sine asg 40' =» — 9.9960 


—ů—ů— 


To BR 254. — —- > 248748 


PROBLEM VI. 


To fud the Diftance of any Place from y2u by the Motion 1 
Sound, from the firing of Cannon. 


Sound, it 1s found from Experiments, flies after the Rate 


of 1142 Feet in a Second of Time; a meaſured \ile is 


5280 Feet, or 1760 Yards, or 1056 Paces, or 890 Fa- 
thoms, and therefore a Sound requires 4 .62 Seconds, or 
9.24 half Seconds to fly a Mile. 


Hence the Time that a Sound is going between any two 


Places being known, the Diſtance between thoſe two Places | 


may eaſily be had. 

For if you obſerve the Time between firſt ſeeing the 
Exploſion and hearing the Report of the Gun, the Diſ- 
tance of the Place from the Obſerver, where the Gun was 
fred, is | eafily had thus, 

As 4'.62 to 1 Mile, fo is the given Time between ſee- 
ing the Exploſion and hegring the Report, t to the 2 
tance in Miles required. 

| Examęle I s 

An Baie was ordered to plant 2 Battery. bo . on 
the Enemies, and obſerving by their firing ſome Gur he 
counted eleven Seconds between the Time of his ſeeing 


the Flaſh and hearing the Report, how far was 7 2 
gineer from the Enemies Guns? | 
4 62)11.000( 2.4 Miles nearly. 
NE. +: 


1760 


—— 
4 — — % 


Or rather thus, 


Ty = As 4.62 is to 10 56 Paces, ſo is 11 Seconds to 2514 
Faces, the Diſtance required. 
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Example : 


[1187 
Example II. 


Being one Day ordered to obſerve how far a Batt 
of Cannon was from me, I counted by my Watch 17 Se. 


conds between the Time of ſeeing the Flaſh and hearing 
the R ; how far was the Battery from me? 
As 4.62 62 : $200 Feet: 


: 17 : 19428 Feet, or adout 3 37 
Miles. 


Or you may come very near the Truth by counting the 
Pulſations at the Wriſt, for it is obferved there are 75 Pul. 


fations in a Minute, or about 19 in a Quarter of a Minute 


or 15 Seconds, when the Perſon is in good Health and 4 
regular Habit of Body, and at the ſame Time free from 


any hurry or flutter in his Spirits, 
a in 6 Beats of the Pulſe Sound flies about a Mile, 
Example. 


On ſeeing the Flaſh of a Gun I counted 21 Pulſarion 


at the Wriſt, before I heard the Report; how far was the 
Gun from me? 


| 6)z1(3] Miles, Aue. 


2 of Figure I. 

NMAHG, EFBEL re repreſent two Baſtions,. 
EF, G e Flan 
FB, AH the Faces {of thoſe Baſtions, 

' AB the outer Side of the Polygon. 

DC the inner Side. | | 

| AP the outer Radius. 

"= che inner Radius, 

' AD the Capital. 

GE the Curtain. 

D the Demi-Gorge. 
GN the Gorge. 

 £APB: the Angle of the 88 | 

HCE os. Adele of the Curtain, or Angle ef the 
Flan 

 £GHA the Shoulder Angle. 


FBK the 8 of the Baſtion, or flanked Angle | 


abc a Ravelin, 


1 1191 
A Rampart is a Body of Earth raiſed about a Town to 
diſeover. an Enemy and fire on them, they are made to 
cover the Buildings from thoſe in the Field, and conſiſt 
of ſeveral Baſtions and Curtains ; the Soldiers continually 
keep guard here, and Pieces of Artillery are planted for 
the Place's Defence. Ms „ Tots ae 
The Parapet is an Elevation of Earth and Stone raiſed 
gpon the Edge of the Rampart towards the Field, to cover 
the Beſieged. Behind it the Soldiers ſtand ſecure. On 
the upper Part it is ſloped, which is called the Glacis: It 
has Embraſures and Merlongs | 5 
The Ditch or Moat, is a Channel made about a Place to 
avoid Surf: izes. The Edge of the Ditch towards the 
Town is called the Scarp, and that towards the Field is | 
called the Counterſcarp ; all Moats muſt be well flanked, N. 
and muſt be made wider than any Ladder, Tree, &c. can . 
reach acroſs them. )( 1 
The Covered Way is a Place left on the Counterſcarp 24 


or 30 Feet broad, which is always round the Moat next 90 | 
the Counterſearp, and is covered on the Side next the 1 
Country by a Parapet or Bank; it is often very difficult to 1 
make a Lodgment on the Covered Way, becauſe the Be- 1 
lieped generally Palliſado it along the middle. e 
Line of Circumwvallation is a Trench or Line made by the 9 
Beſiegers within Cannon Shot of the Place they are going IM 
to befiege, it ranges round their Camp, and ſecures its N. 
Quarters againſt the Relief of the Beſieged. 4 0 
A Battery is a Place raiſed a little on Purpoſe to plant 10 
Cannon on to play upon the Enemy, fixed on Platforms of Fly ll 
ſtrong Planks to ſupport the Wheels of the Carriages that BNA 
they may not fink in the Ground; the open Spaces in the WEL I 
Battery are called Embraſures, through which the Muzzles Wil | | 
of the Cannon are put, and the Biſances between the | Wit 1H 
Embraſures are called Merlons, which are moſtly g Feet i 
wide within, and 6 without, or the Cannon are planted ill 11 
about 15 Feet diſtant from one another, that the Parapet Wilt if 
may be ftrong, and the Gunners have room to work. | tt i 
A Cavalier is a Heap of Earth raiſed in a Fortreſs to 10 1 
lodge the Cannon, for ſcouring the Field; they are ſommm- } 
times of a round, and ſometimes of a ſquare Figure, and | [118 
\ Uways have a Parapet to cover the Cannon there = in | [i 
e 4 | | Bat- AA. 
Wt 


Battery to defend the Face of the oppoſite Baſtion, and 
che Baſtion itſelf, if the Enemy mak a Lodgment in it, 
There muſt be about 14 Feet between Cantion and Can. 
non. They are often made upon the middle of the Cyr. 
thin near the Parapet, to ſee the Field from the Place, to 
diſcover the Enemy in his Works, and to double tlie Fire of 


the defended Town in ſuch Places as may be attacked. 


A Retfonbr is a ſmall Fort of a ſquare Figure, in ofder 
te diſturb che Enemies Works beyond the Glacis, and are 
built within Apna Shot of the Outworks of the Place, to 
_ defend it. 

I ſhall ſay no more of F ortification, it being a peculiar 
Branch of "Svienze of itfelf, but make a Tranfition to 
1 But firſt of Motion. 

Volbeiſy is thut Affection of Motion wheteby a Body runs 

og Space in a xt Time, Wikence, from ne Princi. 
| of Mechanics, 

Veloeig - Tres 
R multiplied by che Time. 


Time — — | 
Velocity. 
The Momentum which conduces to the Efeding of Mo- 


tion, is compounded of the Velocity and quantity of Mat- 
ter, or Weight, whence the Momentum Velocity multiplied 


by the N erphl. 
 Weight==- 


— 


Momentum 


V clocity 
_ Momentum 


— Weight. 


Veloci; 9 


TO GUNNER), 


RY. 


8 F 121 1 


CCC NC CNC 


C ²˙ w ² IS ESH$IS HI SSESESS 


GUNNEREY. 


{O'UNNERY is the Application of the Doctrine of 


| Projectiles, and is a Science highly neceſſary to a 


martial People; it ſhews the Properties, Uſe and Compo- 
ſition of Gun-Powder, gives the different Sizes, Figures, 
Charges, Carriages of Cannon, Mortars, Pedreros, &c. 
how to point, prove and manage them ; it ſhews the Art 
of throwing Balls, Bombs, Carcaſſes, Cartouches, Grana- 


does, Ec. the manner of nailing up Cannon, fo as to ren- 
der them uſeleſs to an Enemy, and widening the Touch- 


hole ; fixes Rules for the making of Batteries, Pontons, 


Bridges, and conſtructing Mines, Countermines, &c. and 
all thoſe Engines and Fireworks neceſſary for taking and 


defending fortified 'Towns. 


It is neceſſary for an able Gunner to be well acquainted ; 


'with Arithmetic, to keep an accurate Account of all re- 
markable Shots, to be ready at the finding the requiſite 
Charges of Powder fitting for any Piece required; the 


Weight of all Sorts of Shot; to be acquainted with the Ex- 


traction of Roots, to underſtand ſo much of Geometry and 


Trigonometry as to be expeditious in taking Heights and 


Diſtances, to level, conſtruct Batteries and Platforms, to 
know the Names and different Parts of Cannon, their dif- 
ferent Ranges, the Powder for Proof and Service, the Point 


Blank on a Level, utmoſt Random; Horſes or Men to 


draw the Pieces on ſudden Emergencies, the beſt Method 
for the Arangement of Artillery, according to the Nature 
and Circumſtances of the Place; to know the Nature and 
Uſe of the Fuſes for Bombs, and the neceſſary Inſtruments 


relating to Cannon, to be expert in conſtructing Mines and 


their Galleries, the moſt uſeful Fireworks for incommod- 
ung an Enemy, ſuch as Bombs, Granado Balls, Powder 
— M © | Sacks, 


Nee ee: | 
* 
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Sacks, Torches, thundering Hedghogs, thundering Bar. 


| rels, tarred Faggots, Sc. tit 
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. eren eee . 
ö I. Age of ö Depreſſion | according as 15 f below 

g the horizontal Line, is the Angle which the Line of Di. 19 

rection makes with the Horizon. | by 

II. The ; E 967 | is the Diſtance between the | 

Point of Projection and the Object aimed at. | tw 


III. The Impetus is the greateſt Height that any Cannon of 
Ball can aſcend, when projected perpendicularly to the fer, 
Horizon; and is always juſt one half of the greateſt Ran- ſeg 
dom upon a horizontal Plain. | — Raz 

The greateſt Random muſt be found by Trials, which | 
is neceſſary to be known. 1 3 1 
IV. When any Body is projected in any Direction what. 
ever, which is not perpendicular to the Plain of the Ho- 
rizon; it will in its Motion deſcribe a Curve Line, called 
a Parabola, unleſs fo far as the Reſiſtance of the Ar 
hinders it, the Curve A EB is the Parabola. Fig. II. 
V. If the Body projected meet with no Reſiſtance, it 
would throw it in the Direction AC, but Gravity ads 
every Inſtant, and draws the Body from the Direction 
AC, as ſoon as it leaves the Engine, in the Curve AB. 
VI. The Direction AC, of any Engine, is a Tangent 
at the Point where the Engine is placed, to the Curve 
AEB, which the projected Body deſcribes by its Flight; 
for the Curve AEB is deſcribed by the projected Body 
in the ſame Time that it would have fallen through its 
height CB. 11 

VII. If AC is the Velocity and Direction of a pro- 
jected Body, then AB is the horizontal Velocity. 
VIII. BAC is the Angle of Direction, or the Angle 
for elevating your Piece, and the greater the Elevation 1 
the higher the Ball will riſe ; whence a Body thrown up 
with a given Velocity from A, the Place where your Piece 
is fixed, will riſe to a Height equal to a fourth Part of the 
Parameter belonging to that Point. 

IX. The greateſt Random is half the Parameter, and Ments 
when the utmoſt or greateſt Random is mentioned, it m 


be underſtood that the Piece is always made at the E 


. - - * . > . 
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es M3 nl ; 
tion of 4 Degrees, twice the Sine whereof is Radius; 
and likewiſe Ranges made equally diſtant above and below 
452, are equal; for the Sines of all double Arches are 
equal to the Sines of their double Complements. = 
X. When any ObjeR's Diſtance on a horizontal Plain, 
is leſs than the Piece's greateſt Random, it may be hit then 
by two Elevations, each whereof is the Complement of the 
other to go Degrees. „„ . 
XI. Since the verſed Sine of 180 Degrees is equal to 
twice the Rad us, it is maniteſt, that the greateſt Altitude 
of a perpendicular Projedtion is one fourth of the Parame- 
fer, or half of the greateſt horizontal Random, and con- 
ſequently, the Impetus is half of the greateſt horizontal 
Random. | A. | e 
XII. The Velocity of the Impulſe moved in a Second, is 
always a mean Proportional between the Parameter and 
167 Feet; that is, equal to the Square Hot of the Pro- 
duct of 16 Feet into the Parameter. — | 
XIII. The Velocity of a Projzc: in any Point of its Carve- 
Line made by its Flight, is ſuch, as a Body acqu res in 
falling. down a fourth Part of the Parameter belonging to 
r 5 
XIV. In Projects, caſt with the ſame Velocity, if the 
| Velocity be defined by the Number of | et moved in a 
Second, the Parameter will be found by dividing the Square 
of the Velocity by 162 Feet. 7D 9 
XV. The utmoſt Random on an inclined Plain, and "41: 
conſequently, the leaſt Force that can reach an Object, is 1 


Ty _® 


{161188 
made when the Axis of the Piece makes equal Angles with 100 
the Zenith and the Object; ſo that there needs no more to 01 | 
de done, but to let the Axis of the Piece, properly charged, „ | 
biſect the Angle between the Object and Zenith; and the l * 
Projections are equal at Elevations equally diſtant from | 1 
this Line above and below ; and this is true, whether the LN | 
Projections be made on Plains above the Level of your AE 1 
Piece, or below it, e 85 Alt | 
XVI. The general Rule for hitting any Obje&, is to VNR 
get your Diſtance from it, as near as you poſſibly can. 
e Impetus of your Piece you muſt know from Experi- Wi | 
ind | ments, then | „ [1 (ih | 
uſt As twice the Impetus is to Radius, 1000 
un- So is the Diſlance of the Object from you, to the S ine 10 
tion N 2 Ee: of WE 


that is, ſet ſuch a Mar 


of double the Angle of Elevation, half whereof is 

the Angle of Elevation required, 4 
XVII. When any Object is ſo near you as you can 
take Aim with your Eye, as you may always in firing Point 
Blank, and in go. Walls; then part your Piece, 

as a Piece of Wood hollowed 
on one Side to fix on the Cannon's Convexity, on or near 
the mnzzle Ring, that a Sight-Line taken on the Top of 
the Baſe Ring againſt the Touch-Hole, by the Mark ſet 
at Or near the Muzzle, may be parallel to the Cannon's 
Cylinder, its Top being juſt as high above the Piece as the 
Metal is thicker at the Breech than at the Mouth, this 
_ Sight- Piece ſerves for guiding your Eye in taking Aim, 
and by levelling the upper Part of the Breech and the up- 
per Part of the Sight, with a given Object, the Bullet dif- 
charged in that Direction will be carried towards that 
Object, only lower juſt half the Diameter of the Cannon 
at its Preech, therefore always level the Piece half the Dia- 
meter of the Breech higher, the Ball then will hit the Ob- 
ject; provided no Accident vary the Dire&ion. 
XVIII. Cannon are beſt named from the Weight of 
the Ball they carry; +4 
As a Cannon carrying a Ball weighing 

| 30 46. is a thirty Pounder. 
24 1b. is a twenty four Pounder. 
116 46, is a ſixteen Pounder. 

XIX. M. Du Metz, Lieutenant General of the late 
French King's Forces, and Lieutenant of the Artillery in 
Flanders, obſerved by which the Pieces being fired at ran- 
dom Shot, and charged as follows, it appeared that 

e Pathoms. 
A 24 Pounder charged with 16/4. of Powder, carried 2250 
16 Pounder — — 1020. — — — 2020 

12 Pounder — — 87/6. — — — 1870 

8 Pounder — — 5j/h, — — — 1660 

4 Pounder — — 231. — — — 1520 
But notwithſtanding, with what Care ſoever the above 
Experiments were made, many Accidents will occur ſo as 
to render the Diſtance of the Shot uncertain ; and though 
not ſo abſolutely to be depended on, yet ſo much regard 
is to be paid to theſe Experiments, as they give pretty 
nearly the true Extent of the Shot. | XX. M 


T 225. }F Ke; 


XX. M. d Vauban was a great Improver in the prac- 


tical Management of Artillery, eſpecially that called by 
him Batterie 2 ricochet, which he fired with ſmall Quanti- 
ties of Powder, and elevated the Piece ſo that the Ball in 
its Deſcent might juſt go clear of the Parapet of the Ene- 


my, and drop into their Works; by this means, the Bullet 


eoming to the Ground in a ſmall Angle, and conſequentiy 
with a ſmall Velocity, it either bounds or rolls along in 
the Direction it was fired in; and therefore if the Piece be 
placed in a Line with the Battery it is intended to filence, 
or the Front it is to ſweep, each Shot rakes the whole 
Length of the Battery or Front, and has infinitely more 
Chance of difabling the Defendants, diſmounting their 
Cannon, killing and laming all it meets with, and creat- 
ing great Diſorder. RL | | © 

XXI. A twenty four Ponnder has been fired five or fix 
times in an Hour for twenty four Hours together, but 
great Care muſt he taken to cool it, for the Piece will 
grow ſofter, and the Touch-Hole will be widened ; the 
hotter a Cannon grows, the greater is the Velocity of the 
Ball, and it recoils with greater Violence upon the Car- 
nage, becauſe the Powder takes fire quicker and in a 
greater Quantity; yet it may happen to ſhorten the Ran- 
dom of the Ball, if the Cannon recoiling falls again before 
the Bullet is out. Therefore the Platform muſt be firm 


and ſolid, for if the Platform be ſhaken with the firſt Im- 


pulſe of Powder, it is ſure the Piece will likewiſe be ſhaken, 
and this will certainly alter its Direction, and ſo render 
the Shot uncertain : In order to prevent this, Platforms are 
ufually made very firm to a conſiderable Depth backwards, 
Þ that the Piece is well ſupported, both in the beginning 
of its Motion and through a great Part of its Recoil ; and 
Mr Robins has ccmputed from Experiments, that a Piece 
ten Feet long, carrying a twenty four Pounder, charged 
with ſixteen Pounds of Powder, the Bullet will be out 
of the Piece before it has recoiled half an Inch. 5 
XXII. When Cannon cannot very readily be taken 


taken hold on to draw it out, and this renders them quite 
uſeleſs; Pebbles or any hard Stones will do, if Nails are 
not at Hand. | | e ae Suge Granny 


Way, or to render them uſeleſs to an Enemy, the ufual 
Way is to nail them up, which is driving a large Nail 
into the Touch- Hole, and leaving no Part of it to be 


M 3 XXIII. Red 


— 


j ? ⁵ä 5 
XXIII. Red Hot Bullets are often made uſe of to fire 
Towns, c. theſe ſort of Bullets are made Flame or Red- 
Hot on a Grate contrived on purpoſe, and then put into 
the Mortar, or Piece, with a Pair of Tongs, the Piece 
being wadded before with Turf; for the Powder muſt be 
covered with ſomething of this nature, or elſe the hot Bul- 
let would ſet fire to the Powder, and render the Force in- 
effectual; then as ſoon as the Bullet is arrived at the Wad 
of Turf, the Piece is immediately fired, for it cannot well 
be rammed down with Wad, for fear the Powder in the 
mean time ſhould take fire and do Miſchief Seldom 
beavier than fix, eight or ten Pound Bullets are uſed this 
way, for they would be troubleſome to manage. WE 
XXIV There is another Engine of Metal made uſe 
of on particular Occaſions, called a Petar, pretty much 
_ reſembling a high crown Hat, with narrow Brims ; this is 
filled with very fine Powder, the Engine is fixed to a 
Plank, bound faſt down with Ropes going thro' Handles, 
which are round the Rim of its Mouth ; it is well primed: 
its uſe 1s to break down Gates, Drawbridges, Portcullices, 
Barriers, Ic. it alſo is for breaking through the Enemies 
Galleries, and to fruſtrate their Mines; the Officers who 
are to manage the Petard, when made uſe of, are in a 
dangerous Poſt, few ever returning ſafe from the Expe- 
dition, if we may credit M. St Remy, the Garriſon incel- 
ſantly firing on them. 55 Ts 
XXV. Bombs are hollow Balls of caſt Tron, filled with 
Powder, old Nails, Pieces of Iron, &c. they are deſigned 
rather for firing Houſes, Magazines, annoying a Garn- 
ſon, than any Execution by their projecting Force; being 
ſhot out of Mortars, ſome of the larger ſort weigh four or 
five hundred Weight. In adjuſting the Fuſes of Bombs, 
I have inſerted at the Concluſion of this Work ſome Pro- 
blems in order to proportionate them to the time of their 
Flight. The Fuſes of Bombs or Granado Shells, are 
they which make the whole Powder or Compoſition in 
the Shell take fire, to do the deſigned Execution; they are 
round, and thicker at one end than the other, filled with 4 
Compoſiticn of Sulphur, Salt Petre, and the beſt Powder, 
and is defigned to burn ſo long and no longer, as is the 
time of the Motion of the Bomb from the Mouth of the 
Mortar to the Place where it is to fall; ſo that the Fuſe 


muſt be contrived either from the Nature of the Wilde 


er the Length of the Pipe that contains it, to burn juff 
that time. 8 : | | 7 

XXVI. When the Bomb is charged, the Fuſe is put 
into it through the Touch: Hole, and after it is fired it 
ſets fire to the Powder in the Bomb ; the Fuſes muſt be 
charged with great Care for anſwering the End they are 
deſigned, that nothing may prevent their firing the Pow- 
der in the middle of the Bomb; and as they are gene- 
rally charged long before they are uſed, the Fnds are 
well ſecured, left the Compoſition get wet, or fall out; 
and when they are uſed the ſmall End is opened or cut 
off, and put into the Bomb, but the bigger End is never 
opened till the Bomb be in the Mortar, and juſt a going 
to be fired. nr 
XXVII. The lower Part of the Shell is the thickeſt 
Part of it, which is neceſſary it ſhould be fo, that being 
the heavier, it may always fall upon it, and never on the 
Fuſe; if the Bomb be ſet fire to by the Fule before 1t 
reaches the deſigned Place, it will burſt in the Air, and 
then it may be as fatal to the Perſons that fired the 
Mortar, as thoſe againſt whom it was intended ; and to 
remedy this Inconvenience, the Fuſe is made to Jaſt as 
long as the Bomb is going its utmoſt Random, if thrown _ 
at a great Diſtance; but when near, part of the Fuſe is 
burned out before diſcharged. 

XXVIII. There are Pieces called Haw:tzers, which 
are about eight Inches in the Bore, and above three Feet 
long ; they are uſed to throw Bombs into the Platform 
of a Baſtion, or the middle of a Parcel of Men. | 
XXIX. The beſt battering Pieces are moſtly twenty - 
four Pounders, they being found abundantly ſufficient for 
making Breaches ; moreover they are better manageable, 
and * leſs Ammunition than Cannons that are larger. 
The modern way of making Breaches, is firſt cutting off 
the whole Wall as low as poſſible, before its upper Part is 
attempted to be beat down. | 1 
XXX. Balls ſtrike with a greater Force againſt rough 100 
Stones than ſmooth ones, and the greater the Velocity the | i! "uy 
greater the Force, for the Weight of the Pall in Founds Al: | 
multiplied by the Velocity, gives the Force of the Ball at 
that Place where the Velocity was taken; as for inſtance, 
if a Piece carrying a 24 % Ball, and its Velocity be 500 | 
Feet in a Second, when it arrives near an Object it is de- 

: ſigned 
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ED hit, the Force of this Ball will then be 12000/þ 

r 5 Ton, 7 Hundred, and 16 Pounds. 

XXXI. Small Bodies with great Velocity, are more 
proper to tear in Pieces; and great Bodies with ſmall 

elocity, to fhake or move the Whole. 

XXXIT. That Part of a Cannon next us when it ſtands 
ready to fire, is called by the Artillery People the Breech 
or Coyle; the round Knob at the End of it is called the 
Caſcabel: from this End I ſhall here ſet down the ſeveral 
Parts of a Cannon. 

1. The Cafcabet. - 
2. The Caſcabel Aſtragal. 

3. The Neck of the Caſcabel. 

4. The Breech and Breech Mouldings, i is all the Metal 
behind the Touch Hole. : 
5. The Baſe King and Reſiſtance. 

5. The Vent and Vent Aſtragal, is the next Corniſh or 
1 to the Vent 

= The Charging Cylinder. 

38. The firſt reinforc'd Ring, is that Corniſh next the 

Vent Aftragal. 

9. The firſt reinforc'd Aftragal, 

10. The vacant Cylinder. 

11. 'The Dolphins. 

12 The Trunnions are two Knobs of Metal by whick 
the Cannon hangs in the Carria 

13. The ſecond reinforc'd Ring. | 

14. The ſecond reinforc'd 9 

, + © Ls 

16. The Neck Aſtragal. 

17. The Neck and Muzzle Ring. 

18. The Muzzle Mouldings or Freeze. 
1 The Face of the Pic ce. | 
The Bore or hollow Part. 5 

XXVII. J need not ſay any ching with regard how to 
make Cartridges, to fix the Hand Granades, Powder 
Cheſts, Powder Pots. Powder Tubs, &c. theſe arg better 
learned in the Field: but proceed to the Solution of ſome 
of the n.olt uſeful Problems in Practical Gunnery. 


Poze- 


1 29 
PROJECTIONS on the Plane of the Horizen. 
"BM O B LEM I. 


Given the wee Rondem of any Piece of Artillery, to fad 
the Angle of Elevation to hit an Oßject at a known Diſtance. 


RULE I. 


As the Impetus (or half the Pesten Random)! is to half 
the given Diſtance of the Object from you, ſo is Radius 
to the Sine of double the Angles of Elevation. . 


RU LE I. 


As the greateſt Random is to the Object's given Dif. 


tance, ſo is Radius to the Sine of double the — of : 
Elevation. | | | 


E xample, 


Suppoſe the greateſt Random of a Cannon was 6840 
Feet, how muſt the ſaid Piece be elevated to hit an Ob- 
ject a Mile off. 


As Impetus 3420 Feet — — 23. 53402 


Is to half a Mika Feet — "— 
So is Radius — — — — 10.00000 


To Sine of 50® jr 129% 25 — 9. 88758 


—— — Ho_——_——_—_— cs 


Therefore ARES ==25*: 15 the gb of the lower 


Elevation. 


And be 47 the Angle of the higher 
Elevation. 


PROBLE M II. 


Civen the greateſt Random of any Place,” to * what Ran- 
dom the ſaid Piece makes at any other given Elevation, 


RULE. 
As Radius to the Sine of double the given Angle of 


4 — ſo is che — Random to the Random re- 
I quite 


e 


Example, 
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| Example. 
A piece hots greateſt Random is known to 10 6840 
Feet, and the Engineer found that by elevating his Piece 


25 15 f he ſtruck an Object on the Plane of the Horizon, 
0 Pray what Diſtance was the Object from him? 


As Radius — — — — — | Os ©0000 


* inks. ww 71 
„„ 
3 — | 


Em — — RY 


PROBLEM UI. 


B knowing the Diſtance of any Objea So you, BT the 
Piece s N to. find the Impetus, to Lit that Objea, 


FUL E. 
As the Sine of 0 twice the Angle of Elevation is to Ra. 
dius, ſo is the given Diſtance of the Object to the greatek 
Amplitude, half whereof is the Impetus een 


Example. | 
- Suppoſe an Object a Mile diſtant from me, and by 
elevating the Piece 64 447” I'can ſtrike that Object, re. 
quired the Impetus „ 
Twioe 640 442 is 1299 200 its Sup. to 180% is: 50 310 
As Sine of 502 31' — — — — 9.88751 


| To Sine of twice 25152 
So-1 is 6840 Feet — — 


To 3280 F et, dle Dikance — 


Is to . — | 10.00000 
So is 5820 Feet 25 Mite) | — 3. 72263 
To 6840 — — — 15 — 3.835 12 


Theresore = 3420 Feet, the W required. 


PROBLEM IV. 


Gi wen the Angle at the loguer Elevation, and the Objea' 
Diſtance from you, to find the Altitude of the Projection. 


R ULE. 


Ciwe 


[ 23r ] 
RULE. 


As Radius to the Tangent ot the lower Elevation, fo f 1s 


a fourth Part of the Object s Diſtance, to the Ball's Alti- 
tade required. 


E . 


Suppoſe at 2 5 15“ Elevation, I can hit an Object 2 
Mile off, what height does the Ball fly at? 


As Radius — — — — — 10.00000 


To Tangent of 259 157 — — 9.67360 | 
80 is 1320 Feet — — — — 3 12057 
To VER IEG nearly, the Alt. es 2.79417 


; PROBLEM 1 


Given the Altitude of Pr vjedtion, and the Piece D | Impetus, 1% = Wil 4 
find how far an Object is from you. | $1111 


q RULE. wi 1 
fy the Impetus ſubtract the Ball's Altitude; ns tt 
this Remainder by the Altitude, the ſquare Root of the | 
Fodutds is a fourth Part of the Diſtance required. 9 
Example. 1 
Suppoſe the Height of a Ball projected "Me 623 Feet, wh: 
and the Pieces Impetus 3420 Feet, 9 the Diſtance mit: 
of the Object? |. 
From 3420 0 
take 623 | 
— 19.900 
| | Witt: 
2797 : 9 
3 1 
8391 | 1105 
$594 T7 | 1s 
16782 IM 


17425 3 1 whoſe Square Root is 1320 Feet, and 
7's — 1 E. 20 = 5280 we Diſtance 4 


As half the given Diſtance is to twice the Ball 8 Height 
ſo is Radius to the Tangent ofthe } 2 ; Elevation. 


Soppo 
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PROBLEM VI. 


The Diftance of an Obje# and the Balls Altitude bein 


given, to find the Piece's Elevations. 
"RULE. 


higher 
Example. 


tion ? 


As ee — — — 3.42160 


Bo is Radius _ 3 — — 16. 0.00000 | 


To Tangent 250 16 lower Elevation 9.67391 


| And _— 44 is the higher DireCtion. 


Given POD Angle of Elevation, together ait h its 4 


PROBLEM VII. 


to find the Amplitude at any other given Elevation. 


oy the Sine of twice the firſt Elevation, is to its given 
Amplitude, ſo is the Sine of twice the other Elevation, to 


RULE. 


the e Amplitude required. 


| " Suppolk at an Elevation of 300 20' the given Diftanc 
be 2700 Feet, what Diſtance will the ſaid Piece throw 3 


Ball, 


Twice 300 20'=609 40% and twice 390 48'=79? 306. 


Example. 


which is elevated at 399 48"? 


As Sine 609 4o' — — — — 9.94040 


535 


10 2700 —. ww 3.43130 


So is Sine 7936 — — — 1 


To 3046 Feet the Diſtance required 3.48370 


— — — — 


8 ſe an Object a Mile diſtant from me, and the 
Ball's Altitude is wag Feet, what are the Angles of Ele 


1 


If 
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If you know what Diſtance a given Charge of Powder 
will effect, and would know what Charge will be ſufficient 
to hit an Object at any given Diſtance, within your Can- 
non's reach, without altering the * > obſerve = 
following | | 


PROBLEM VIII. 


The Charge of Powwatr, and the Diſtance of Projefion made 


from that Charge, being known, io find what Charge of 
Powder <will ao to hit an Object, at a ANOWN — 
abithout altering the Piece's Elevation. | 


RULE; 


As the given Diſtance is to its reſpeQuive Charge of 
Powder, ſo is the known Diſtance, to Its reſpective Charg "ge 
of Powder. 


| Exam le. 
Suppoſe 2 24 Pounder, charged with 14 Pounds of 


Powder, will throw a Ball 6840 Feet, what Quantity of 


Powder muſt the ſaid Piece be charged with, to throw the 


laid Shot fo as to hit an Object 8900 Feet from you, with- 


out altering the Piece's Elevation? 


given dift, 1h, iſt, 
As 6840 : 14 : : 8900 : 19-2. 10. required. 


N. B. This is only true e the Velocity is fappaled 
to be, in the ſubduplicate Ratio of the ny of Pow- | 


der, which is not ſtrictly true. 
PROBLEM IX. 
Given a Pieces Impetus, to find the Velocity of the Ball, 
R UL. E. 


Multiply the ſquare Root of the Impetus by 3, the 


Product 1 is the Velocity the Ball moves through in a Se- 
cond. 


Example. 


Suppoſe the Impetus of a Piece be 14000 Feet, what is 
the Velocity of the Ball at the Ob,ect on the Horizon . 
N The 


oy 1 
The Square Root of 14000 is 118.3. 
And 118.3 | + 5 
8 


| 946.4 Feet the Ball moves through in a Second, 


— —— 


a 


PROBLEM X. 


Gizen the Pieces Elevation and the Objects Diſtance in Feet, 
to know how long time the Ball is going to that Objer. 


| . 

As the Radius is to the Tangent of the Piece's Elera. 
tion, ſo is the given Diſtance of the Object to the Square 
of four times the required Number of Seconds; this laſt 
Product divide by 2, and find the Number anſwering to 
it in the Log. Tables, a fourth of which Number is the 
Time of flight in Seconds. „„ 

| : Example, | 

At an Elevation of 389 20 I can hit an Object a Milt 
and a half from me, required the Time of the Ball; 


%% ͤ ane” nor 206 0nd 


To Tangent 38 20 — — — 9.89801 
So is 7920 Feet (15 Mile) — — 3 


To the Square of 4 times the No of Seconds 3.79673 


Now half of 3.79673 is 1.89836; the Number anſver- 


ino to it is 79.14 a fourth of which is 194 Seconds, the 
Time of Flight. | 5 

But as to the throwing of Pombs, the Elevation of the 
Mortar is commonly at 45, then a fourth Part of the 
Square Root of the Diſtance in Feet, will give the Num- 
ber of Seconds required, 


PRO- 


. <<z — ee TD Ll 


le 
5 


E 
PROBLEM Xi. 


Given ebe Impetus (or greateſt Random ) of any pi ece of 


Cannon, and her abſolute Force in Pounds, to jind ai 

_ what Force ſhe will ſtriſte an Olject, at a given Diſtance, 
whoſe Surface leans backwards any ors Angle ff om the 
Perpendicular. | 


RULE. 


As the greateſt Random is to Radius, ſo is the Objea' 5 
given Diſtance to the Sine of double the Angle of Ele- 
ration. 

And as Radius 1s to the Sine of the Angle at the Sur- 
face of the Object, ſo is the given Force to the Force 
required. 

| . Example. 

Admit a Piece's greateſt Random be 9000 Feet, and 

the abſolute Force of the Ball 6952 Pounds, with what 


| Force will ſhe ſtrike an Object 6000 Feet diſtant from 


you, and whoſe Surface leans backwards from the Per- 


pendicular 360 


As 9000 — — — — — 3.95424 


To Radius —  — — 10,00000 
SO is O00 — — — — — 3.77815 


To Sine 419 48' — — — — 9.82391 


— d — ens 


Whence 4 io 54 the Elevation that the Ball 


ſtrikes the Plane of the Horizon at, and conſequently the 
Surface of the Object at an Angle of 749 54, for chk 
30%F29? 548=74% 54 
Fo find the Force. | 
As Radius — — — — — 10.050c0. 


To Sine 749 54 — — — — 9.98474 
So is 59725 — — — — 3.54210 


To 6712 4. the Force require] — 3.82584 
N 2 ny PR O- 
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PROBLEM XII. 
Given a Piect's greateſt Random, and the requifite Charge of 
Powder, to find what Charge of Powder will ſuffice to 


. frike an Object at right Angles at a given Diſtance, what 
Surface reclines any given Number of Degrees, 


EG 4 4 

As the Sine of twice the Angle of Elevation, is to the 
given Object's Diſtance, ſo is Radius to twice the Im- 
petus, and as the Square Root of twice the Object's Dif. 
| tance is to the Square Root of twice the Impetus now 


found, fo is the given Charge of Powder, to the Charge | 


required. . 
JJͤ x 
Admit a Cannon's greateſt Random with a Charge of 
16 Pounds of Powder was obſerved to be 3 Miles, what 
Charge will be ſufficient to ftrike an Object at right An- 
gles, whoſe Surface reclines 36® at a Mile and half diſtance 
from the Piece ? 5 . | 8 
It is plain from the Queſtion that the Elevation muſt be 
36, to ſtrike it at right Angles. Then, | 


As Sine of 72%? — — — — 9.97820 


Is to 11 Mile=7920 Feet — — 3.89872 
So is Radius 90 — — — — 10.00000 


To 8328 Feet, double Impetus — 3.92052 


. | þ.-# - 
As 15840: $328 :: 16: 11.6 the Charge. 


8 


PROIECTIONS on AS CEN T S. 


PROBLEM XIII. 


Gizen the greateſt Random of any Piece on the Plane of the 
Horizon, to find the greateſt Random of the ſaid Piece on 


RULE. 


4 Plane of a given Aſcent, _ 


required, 


0-337 3 

RULE © 
To the natural Sine of the given Aſcent ad! Radius; 

then ſay, as that Sum is to Radius, fo is the gre teſt Rant» 

dom on the Plane of the Horizon to the greateſt Random 


Example. 

Sappoſe a Cannon's greateſt Random on the Plane of 
the Horizon be 7980 Feet, what is her greateſt Random 
on that Pane, which is 80 40“ above the Level of the 
Piece? | „% os 5 

Here the natural Sine of 80 40“ is . 1506, and Radius 
=1, then 1.1506 is the Sum, but 1.15 is near enough 
for Practice. „„ 

As 1.15: 1 :: 7980: 6939 Feet, the greateſt Random 
required. 1 


FNR O DLE M XIV. 


Given the greateſt Random on a Plaus of a given Aſcent, to 
find the greateſt Rande on the Plane of the Horizon, 

As Radius is to the Sum of the natural Sine of the Plane's 
Aſcent and Radius, ſo is the greateſt Random given, to 


7 


the Random on the Plane of the Horizon required. 
| Example. | 
There is a Flane which is 89 40“ above the Level of my 
Piece, the greateſt Random of my Piece on that Plare was 1 
obſerved to be 6930 Feet, required the greateſt Random 14 
of the ſaid Piece on the Plane of the Horizon ? 
As 1: 1.15 :: 6939 : 7980 the Random required. 


a OS S 
r — ——— . S 
P AA A 5-7 Be” — . 2 
— — 5 _ - 
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PROBLEM XV. 0 


Giver the Pieces Elevation and its harizontal Random for # 
that Elevation, to find the Rande on Plaue of a given 
Ac ent. | | „„ 


* 
A 22 ATT = PR. 


From the natural Tangent of the Picce's Elevation, take ti 
the natural Tangent of the Plane's Elevation, and Fnd the 
Angle correſponding to that Dilterence; then add that 


N 3 Angle 


Angle to the Plane's Elevation, and ſay, as the Sine of that 


Piece, by adding half the Angle of Obliquity to 459. 


Wi: 4 


Sum is to the given horizontal Random, ſo is the Angle 
correſponding to the Difference, to the Random required, = 
| Example. 5 
A Cannon's horizontal Random at an Elevation of 509 | 
6 was found to be 5820 Feet, what is her Random at the 
ſame Elevation above the Horizon, on that Plane whoſe 3; 
Aſcent is 10? 2o'? 5 * 1 
From natural Tangent 50%: 06'=1.19598 * 
Take natural Tangent 100: 20'=0.18233 5 
The Angle correſponding is 45* 23. 1.01365 Dif, 
To 459 | 230 15 ot. 
Add 109: 200 
. Sum 3 243 
As Sine of $5* 4g — — ow 9.91711 
Is to Log. 5820 — — a 3.76492 
So is Sine 45 231 — — 9.85237 
To 5014 the Random required — 3.70018 : 


 Cxollary. Having the Angle of Obliquity of the Plane, 
you have the Elevation for the utmoſt Random of any 


PROBLEM XVI. 


Given a Piece's Random at any given Elevation, on the 
Plane of the Horizon, to find her Random at another gia 
Elvation, on the Plane of a given Aſcent. 5 


3 „„ 
As the Sine of twice the given Random's Elevation, 


is to the given Random, ſo is twice the Sine of the other 2 5 
Elevation, to her horizontal Random. 5 
Then from the natural Tangent of the other given I 
Elevation, take the natural Tangent of the Plane's * 35 

| an 
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and ſee what Angle anſwers to their Difference, che Sum 
of theſe two taken from 1800 leaves a third Angle. 

As Sine of this third Angle is to the horizontal Ran- 


dom, ſo is the Sine anſwering to the Difference, to the 
Random required ? 


Exanple. 


At an Elevation of 500 6 I obſerved a Cannon's Ran- 
dom on the Plane of the Horizon was 58 20 Feet; pray 
what is her Random at 600 6“ Elevation above the Hori- 
200, on a Plane whoſe Aſcent is 10? 20' ? | 

As twice Sine of go” 6 — — 9.99308 


— — 


Is to > 5820 Feet 3 3.76492 
So is twice the Sine of 609 6“ — 9.936065 


To 5111 Feet, the horizontal Random 3 70849 


From natural Tangent bo : 06'=1, 73905 
Take natural Tangent of 10: 20 = 18233 


8 Remains 2. — — 57 75 1721.55672 
| . ; Add 1 *. '20 


Take 67 : 37 
3 From 180 5 —_ 


— — — 


1 23/ its ts Sup, =679 $9" ” 
As Sine 676 37 — — 9.96598 1 


| t 
| Is to TT —_ m—_ pe — 3.70849 1 
tl So is Sine 579 1 — — — 9.9247 ¼V; 1 
ven To 4650 Feet, the Random required 3.66748 1 | 
5 PROBLEM XVII. i 


ther Given the Angle of Direction, and * Random on the Pla ie if 
of the Horizon, to find how high a Cannon can flrile au 1 


—ů̃ 2 I OT * 


Wen Otjed, on a Perpendicular „ whoſe harizental Diſlaiice is 
ent, alſo known, | 


— RULE. Ml 


[714] 
RU L E. 


"Is the Tangent of the Angle of Direction i is to Ra. 
dius, ſo is the Random on the Plane of the Horizon to 


a fourth Number, and as this fourth Number is to the Ob. 
ject's horizontal Diſtance, ſo is the Difference of the Dif. 
tances, to the Height required. 


Example. 


| The horizontal Random of a Cannon at an Elevation 
of 50? 60 was obſerved to be 5820 Feet, how high will 


the ſaid Cannon ſtrike an Object, with the fame Direc- 


tion on a Perpendicular, whoſe horizontal Diflance is 


| $000 Feet? 


As Tangent 500 6 5 — — 1007772 


Ts to Radius 909% — =" — 0 
S0 is * — — —— — 3.76492 


To 4866 a fourth Number ct oo 3. 68720 


Then from 5820 take 5ooo, leaves 820, Difference 0 


the Diſtances. | 
And 4866: $908? : 820 : B43 Feet 2 the Height 


required. 


PROBLEM XVII. 


Groen a Pierce“ Impetus, and the D Ponce of an O7 e iter 


a Plane, of a given Elevation, to fd the Direfion to 
Hit that Ov;ect. 


L U L E. 


As Radius is to the Obiecb's Diſtance, ſo is the Sine f 
the Plane's Elevation, to the per pencice:a ar Height of the 
Object; from twice the Impetus take the Object s Height, 


and note the Remainder. 


To and from this Remainder. add and ſubtract the Ob- 
ject's Piſtance, to fd the Sum and Pifferenc 
To the Logarithm of the Sum add the 0 arithm of 


the Difference, and find the Number belonging to half 


this Sum. 

Add and ſubtract that Number to and from twi. the 
Impetus, and you will have a greater and a leer m— 
ber, then ſay | | 

As 


CEE CE ee ee Sg — 
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As the Height of the Object 
leſſer 


To che 6 greater 
So Tangent, Plane's Elevation 


leſſer 
To Tangent; greater 


| Example. 
Admit a Cannon's Impetus be 5820 Feet, required af 


Number, 


| Elevation above the Horizon. 


what Directions muſt the Piece be elevated, 10 as to hit a 


Caſtle ſtanding upon a Hill, whoſe Height is 89 30“ above 


= Level of the Piece, and direct Diſtance 7000 Feet ? 


As Radius — — — mw — JO,00000 


Is to 75000 ͥ — ws — 


So is Sine of 89 30“ 9.16970 
To ObjeR's Height=1035 on 3: ©1479 


From twice Impetus=1 1 ee; 
To — Object's Height= 1035 


Remainder g 10605 
Add Diſtance= 7000 


Sum: 17665 


Difference 36⁰ 5 


To Log. 17605 — 4. 24563 
Add Log. 3605 — 3.5 5690 
Sn 80253 


The Number to it is 79662 2 3.90126 Half Sum. 


To twice the I mpetus=1 1640 
Add and ſubtract 7966; 


Greater Number 19606 its Log. =4.29240 


| Leſſer Number: 36734 its Log, =3.56507 
1 
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„ 
As 1035 —— — — — 3.01494 
Ts to 3673 —— ww — 3.85650 
80 is Tangent of 89 0 =» — 9.17449 


To Tangent of 27 6 — — 9.72462 
The lower Elevation. 5 


And as 1035 — — — — 3.01494 


Ts to 196064 . 4.29240 
So is Tangent 8930 = — — 9.17449 


To 700 33“ the higher Elevation 10.46 195 
Above the Horizon. — — 


PROBLEM XIX. 


Etven the horizontal Diſtance, and the terpendicular Hein 


of any Objed, to find the leaſt Impetus that can poſſibly 
reach that Object. „ | 
To the Square Root of the Sum of the Squares of the 


horizontal Diſtance, and Obje&'s perpendicular Height, 
add the Object's perpendicular Altitude; half of this Sum 


is the Impetus. 
„ Example. 
Suppoſe the perpendicular Height of a Caſtle was 690 


Feet, and the horizontal Diſtance 5 820 Feet, required 


the leaſt Impetus to reach the Caſtle? 
The Square of 5 820 33872400 
The Square of 6960= 476100 


— : ———_ 


The Square Root of this Sum 34348500 is 5860 and 


4 
5850-990 =2352—437 5 the Impetus required. 


The Angle of Elevation and the greateſt Random of 4 Piece 
being given, to find what proper Diſtance it ought to Le 
planted to hit an Objett, whoſe Height above the Pic? 
Level is alſo known. 

R U LF. 
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RUE. 
As Radius to the Sine of double the given Elevation, ſo 
is half the greateſt Random to half the horizontal Ran- 
dom, at the ſame Elevation. 

And as Radius 1s to the Cotangent of the Elevation, 
ſo is twice the perpendicular Height of the Object to a 
fourth Number. | 

From half the horizontal Random take that fourth Num- 
ber, and note the Remainder, then a mean Proportional 
between the Remainder and half the horizontal Random, 
added to the ſame half Random gives the Diſtance required. 


Example. 


Adimit the greateft Random of a twenty four Yoder 
was 11640 Feet, what Diſtance may the ſame be planted 


to hit a Battery 312 Fect above the Level of the Piece 
zt the Elevation of 420 | 


As Radius — — — — — JO, ,00000 


Is to the Sine of double Elevation 845 9 en 
So is half the greateſt Random 5820 3.76492 


To half horizontal Random=5788 3.76253 


F * 22 _ "IEA 
* — - Is 

rs 8 — — : 
. area — + : 8 


As Radius — a= T0,00000 


Is tO Cotangent 42? — — — 10.045 56 Fl 
So 1s twice the Objects Height=024 2.79518 if 
To a fourth Number=693 — — 2.84074 | | 
From half the horizontal Random=c788 | | | 
Take the tourth r 603 1 
bl 
| Remainder 5095 | 1 
7 To find a mean Proportional between the 8 | "i | 
4 we 


$995, and half the hcrizontal Random 5788, proceed 


ay 


T0 


To Log. 5095 
Add Log. 5788 
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= — 3.774 
— — 3.76252 


— 


2) 7.46966 


The mean Proportional * 3.73483 is 5430, 


being the Number 


anſwering to the Log. 3.73483. 


To half the horizontal Random g 5788 
Add the mean Proportional 54 30 


| The Sum is the Diſtance required 11218 Feet, or 


2244 Paces nearly. 


PROBLEM XXI. 


Given a Piece's Elwation and the Random it makes at that 


Elevation, on a 


Plane of a given Aſcent, to find the Ji. 


rection to hit an Olject at a given Diſtance upon tii 


Horizon. 


E L . 


From the natural Tangent of the given Elevation, take 
the natural Tangent of the Plane's Aſcent, and note what 


Angle correſponds 


to this Difference in the Tables of the 


natural Tangents, the Angie laſt found added to the Plare's 
Aſcent, and the Sum taken from 180 leaves a third 


Angle. 


Then as the Sine of the Angle correſponding to the 


Difference, is to the given Random, fo is the Sine of the 


third Angle to the 
Elevation. 


And as the horizontal Random now found, is to the given | 


horizontal Random at the ſaid given 


horizontal Random, fo is the Sine of double the given Ele- 


vation, to the Sine of double the Angle of Direction 


ſought, half whereof is the Direction required. 


Example, 


Suppoſe at an Elevation of 35 40“ on a Plane whoſc 
Aſcent is 100 zo“ the Random was 5280 Feet, it 15 
required to find what Direction will anſwer my Purpoſe, 


ſo as to ſtrike an O 
Feet? 


bje&t whoſe horizontal Diſtance is 5099 


From 


Gr 


JFC 86 
From natural Tangent of 35 400 ＋ . 71769 
Take natural Tangent of 100 30“. 18833 


The Angle correſponding is 28 2“. 5 3236 N 
To 28% O02 From 180% oo 

Add 10 : 30 Take 38 : 32 | 
Sum 38: 32 Remains 141 : 28 thirdAngle. 


— — ä — — 


| As Sine 280 z — — — — 9.67208 
or | | | | | | 


Is to 53820 — — is — 3.76492 
So is Sine 1419 28' — — — 9.79446 


To horizontal Random=7715 — 3.88730 


As 7715 = —= — — — 3.88730 


Is to 9820 — — — — = 3.76492 
So is double Elevation 71 20' - 9.9765 3 


F 452 37' double the Angle 9.85415 
Half whereof 1s 220 482 
or 079 1125 


e Directions required. 


le 8 PROBLEM XXII. 


| x | 

7en Given the horizontal Diſtance, the Impetus of the Piece, and If | 
the Otjet?'s Angle of Elevation above the Level of the 177 

yen | Piece, to find the Elevation of the Piece to hit the Object. | 


W N U E. 
As Radius is to twice the Impetus, ſo is the Tangent 
of the Object's Elevation to a four:b Number; add this 


ofc fourth Number to the given horizontal Diſtance, and note | 
i the Sum. Re EE, 
ie, Then as twice the Impetus is to the Coſine of the Ob- 


,99 ject's Elevation, fo is the Sam to the Coline. of an Angle, 
which added to the Angle between the Zenith and Ob- 1 
As N ject, fi 


33 re 
_ — — N - 


| „ 
jeſt, gives the Double of the Complements of the Eleya- 
tion, to At the Objec. 
DN Example. a f 


There is a Caſtle whoſe horizontal Diſtance is 6000 ( 
Feet, which was obſerved to ſtand 100 20“ above the 


Level of the Piece, whoſe Impetus was known to be 4500 a 
Feet, required the Cannon's Elevation to hit the Caſtle ? ſ 
As Radius — ws — — ct 10.0000 x 
i 
| To. twice the Impetus 90% — — 3. 95424 2 
do is the Tangent of 10 m — 9.26086 
To a fourth Number 1641 = 3.21510 R 
Then 6coo1641=7641 the Sum. 35 0 
4 ty, ice Impetus 9000 ap — 88 3. 95424 . 
Ii w the Coline of 105 20%] as" is 9.99289 wit 
So is the Sum 70g1 — 8388315 
To Logos of 330 220 — — — 992180 
8 V. 
The Angle! included betv- een the Zenith and Objet is cit 
79 40', for 909%—10? 20/2799 40, | 
| IS -99* 40 From go? oO ed 
Add 330 22 Take . 18 


2) 113 02“ Remains 330 20 the lower Ele. 

| — _ vation, conſe- WM T- 
Comp. Elev. 56 31' quently the higher Elevation 1s 

[2 — 669 50“, to hit it. 


5 | plt 
P-R-OB: LEM XXII. 
Gu ite horizontal Random at a | 3 Elevation, to 2 nd Th, 
the E levatiun of the ſame Piece, when plantcd at a given 


Height alove the Horizon, jo that it ny throw a Ball 
to the greateſt Diſlance 540 vie, without altering the Charge 


Paxvatr, 
of oe. 1 


Pa 


L147 + 
R UL. E. 


1. Mauttipl the given horizontal Diſtance in Feet by. 


twice 16 Feet, divide this Product by the natural Sine 
of double the given Angle of Elevation, the 8 Sauare Root 
of this Quotient is the Velocity. 

2. Multiply four times the Height of the Piece by 1642 
and to the Product add the Square of the Velocity, then 
lay, as the Square Root of this Sum 1s to the V clocity, 10 
is Radius to the Tangent of the Angle of Elevation, 

3. As the Sine of couble Elevation of the given hori- 
zontal Random is to Radius, fo is the given Nandom to 
the greateſt required. . 

Exam ſ le. 

At an Elevation of 36® with a given Charge of Powder, 
the Random of a Piece on the Plane vf the ; Ecrizon was 
1500 Yards, it is required to find the Elevation of the 
ſame Piece when planted at 44 Yards above the Level of 
the Horizon, io that (the Charge of Powder continuing 


the ſame the Ball may fall at the greateſt Dit dan ce 01 


fible, on a horizontal Þ lane, Which is alſo here required ? 


Yards. Free. 
I, 1 500X Z=4500XZ25=1447 88. 
nat, Cine. 


And . 86602) 1447500 167143. 04 the Sq uare of the 


Velocity, whoſe Square Root is 408.83 Feet, the Velo- 


city. 


- 2 132X4=528X16,7,=8492, and 167143.94 add- 
ed to 8492, the Sum is 175635. 94, whoſe Ce: Root 
is 419,08. 
| Feloc. _ | | 
Then as 419.08 : 408.83: 97554 the natural 
Tangent of 44 18' the Elevation waved. 5 
Sine. Rad. | 


plitude. To, 
PROBLEM XXIV. 


The greateſt horizontal Random of a Cannon bring known, 
to find the greateſ? Random and Direction, action the ſaid 
Cannon is planted on a Plane above the horizontel i aue, 


whoſe Height is alſo known, 
. O 2 RULE. 


34, As 609: 1: : 1500: 1730.05 the greateſt Am- 


| 
®: 
| 


SS oo 


- — — — — - — — 
5 > DT 4 
* — " 
— ũ—²ðr OT I TR ST Fs A, þ# n 
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RU L E. 


1. From che Square of the Sum of the greateſt hori- 


zontal Random, and the Plane's Height above the Plane 
of the Horizon, take the Square of the Plane's Height 
above the Plane of the Horizon, the Square Root of the 
Remainder is the Random required. N 

2. Then as the Random now found, is to the Ran- 
dom given, ſo is Radius to the Tangent of Elevation. 


Example. 


A Cannon planted on an Eminence 200 Feet above the 
horizontal Plane, whoſe greateſt Random on the Horizon 
is known to be 6000 Feet, it is required to find the great- 
ct Random from that Eminence, and the Direction to 
reach it? | | 8 e 
Firſt, 600c+200==6200 the Sum, and 38440000 is 
the Square cf it, and 200 ſquared is 40000, then | 
From 435440000 V 
Take 40000 


Remains 38400000 whoſe Square Root is 6196 the 
„ Random required, 
. = 


As Random found 61965 — — 3.79211 


Is to the Random given 6000 an 3.77815 
So is Radius — — — ws 10. ooooo 


— — 


To Tangent 44* 5 the Direction — 9.98604, 


PROBLEM XXV. 


Given the utmoſt horizontal Random of any Piece of Artil. 
Lery, to find at what Diſtance, avithout altering the Ele- 
vation or Charge of Powder, it will be able to ſtrike att 


* 


Otje on a Plane of @ given Aſcent, 


55 „ e 1 
Take the Difference between one fourth of the given 
Random and the Object's Elevation, find a mean Pro- 
portional between the given Random and the aforeſaid 
| | Difference, 


— 


7 


(77 


WT) 
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Difference, which add to half the given Random, the Sum 


wall be the Diſtance quired: 


Example. 
If the oreateſt horizontal Random of a Piece be 1 500 


| Yards, at what Diſtance (ſuppoſing the Charge of Powder 


and Elevation to continue the ſame) will it be able to ſtrike 
an Object elevated 44 Yards above the Plane of the Hori- 
20n ? 


4 1500 the greateſt 3 


375 a fourth part of it. 
44 Object's Elevation. 
331 their Difference: 
1500 oy by the preateſ horizontal Random, 


7655 
2 


495 £00 whoſe Square Root i is 704. 6 Yards, the mean 

Proportional. 1 
P den half of the utmoſt Random is 77 Yards, and 

750+704. N 6 Vards, the required Diſtance. 


PROBLEM XXVI. 


(rien the Angle of Elewation of any Object above the Lewel 
of the Piece, the horizontal Diſtance, and the Piece's Ele- 
5 vation, required 4 Iinpetus to hit the Object? 


R UL E I. 


Fird the natural Coſine of the Sum of the Angles which 
tne Line of Direction makes with, che Object and the Ze- 
nith, and likewiſe the natural Coſine of their Difference, 
and then | | 

As Difference of theſe Cofines | 
To the Coſine of the Object's Elevation, 
$0 is half the horizontal Diſtance | 


To the Height of the perpendicular P rojetion (or Im- 


0 3 51 n. 


petus), 


DCs — 122 Sf Rep... - 4 — 
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RULE u. 


To Radins add the Cofine of the Plane's Elevation, the 
Arith. Com. of the Cofine of the Piece's Elevation, the 
Arith. Com. of the Sine of the Difference between the 
Piece's Elevation and the Object's, and the Logarithm of 
a fourth Part of the horizontal Diſtance together, a tenth 
Part of the Sum is the Impetus — 


K æamble. 


There is an Object wholh Height above the Level of 
the Piece is 10? 20“, its horizontal Diftance is 7920 Feet, 


required the Impetus when the ne of the Piece i = 


41” 20“? 


The Difference between 419. 200 and 109 200 =310 0', 
its Sine 1 is 9.71 9 


To Radius — — — — — 10.00000 

Add Cofine 100 20 — — — 9.99289 

The Arith. Com. Cofine of 410 2o' 0.12443 
The Ar, Co. Sine (41 20'—10® 20 2; 0.28816 


The Log. —_— — — 35 29666 


4 


To 5037 the Impetus — — 5 


* 
— — rr WI 


1 G I e rin 
Made on D ESC EN Ts. 


PROBLEM xxvl. 


Given the greateſt Random, on a Plane of a given Deſcent, 


to find the greateſi Random on a Plane of a given Ascent. 


RULE, 


ent, 


[ 1537 } 
RULE. 
As the Sum of the Radius and natural Sine of hs given 


Aſcent, is to the Difference between the Radius and the 


natural Sine of the given Deſcent, ſo is the ms Random: 
. hon Random required. 


3 Example. 
T he greateſt Random of a Piece made on a Plane whoſe 
Deſcent was 10 is 8000 Feet, what is her greateſt Ran- 
dom on a Plane which is 50 above the Level of the Piece ? 


As 1.08715 : ,82036 : : 8000 : bo81 the Random re- 
quired, _ 


Corollary. Given the Angle of Obliquity, you have the 


Elevation of the utmoſt Random, by ſubtracting half that 
| Angle from 459. 


PROBLEM XXVILL. 


Given the greateſt horizontal Random, to ford the greatef ; 
"JO 4 on a Plane of a given Deſcent. 


| R U L E. 
As Radius leſs the natural Sine of the Plane's Deſcent 7 


1s to Radius, ſo is the given horizontal Random, to the 
Random required. | 


Example. 

If the greateſt horizontal Random of a Piece be 7960 | 
Feet, what is the greateſt Random on a Plane, which is 
100 below the Level of the Piece? 

From Radius —- — 1 
Take natural Sine 109 0.174. 

Then, as .826 : 1 :: : 7960 : 9634 the Randam required, 

Or you may find the Random by the following 
RULE. 


The 8 of half the Angle included between 


the Zenith and the deſcending Plane to go? is the Ele- 
vation. 


Then as Tangent of the Llovation i is to the Tangent of 


the Plane's Deſcent, To is the given greateſt Random to a 


fourth 
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Furth Number, which added to the given horizontal 
e gives the Random required. 


Take the above Example. 


Then 9o o10*=100? the Angle between the Zenith 
and Plane, half is 50%, its e N is 8 the Ele- 


vation. 
As Tangent 409 — — 9. 92381 

Is to the Tangent 10? — — — 9.24631 
So is 7900 — — — — — 3.90091 


— — 


To 1673 — — — — — 3 22341 
Then to 1673 
Add 7960 


sum 9633 the Random as above, nearly, 


6 — — . 75 5 


PROBLEM XXIX, 


Given the greateſt Random on a Plane of a given Deſcent, 


to find Fe greateſl Random on the ard of the Horizon, 


| RU I. E | 

As Radius is to the Difference between the Radius and 
natural Sine of the Plane's Deſcent, ſo is the given great- 
eit Random, to the greateſt Random on the Plane of the 
Horizon required. | | | 
| Eros 

If the greateſt Random of a Piece on a Plane had 
Deſcent is 109, is 9634 Fect, to find the greateſt hori- 
zontal Random ? 


As 1:.826: 036: 7966 Feet, the greateſt Random 


on the Plane of the Horizon. 


PROBLEM XXX. 


Given the Dillance of any Object on a Plane f a given De- 
cent, and he Piece's Impetus, to find the Direction to hit 


"RULE. 


that Otyeet, 
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SN E. 

As Radius is to the given Diſtance, ſo is the Sine of 

the Obje&t's Angle of Depreſſion to a fourth Number, to 
which add twice the Impetus and note that Sum, then as 
the ObjeR's Diſtance is to ht Sum, fo is the fourth Num- 
ber to a fifth Number; from the ObjeR's given Diſtance 

take the /t Number, and note half the Difference. 

Then as the Impetus is to the half Difference, ſo is 1 
Radius to the Sine of an Angle, half the Sum of the | 

Angle laſt found, and the ObjeQ's Depreſſion taken from | 


90® gives the higher Elevation, and half meer Difference 1 | 
the lower Elevation. | | [' 


E mah; 


What Divettion muſt 2 Cannon have to hit an Object 


whoſe Diſtance is 7400 Feet on a Plane whoſe — 
ſion is 6, and Impetus 3980 Feet? 


As Radius — — — H— — 


10.00000 _ 


Is to 7400 — — 1 


Sow the Sine of ö) — — =— 5 | 


—— — 


To 774 a fourth Number — — 2, _ 


: Then (3080 K 2 1 the Sum. 
As 7400: 8734: : 774 :913 a n Number. 


And en =3249 the half Difference. 


Is to half Difference 3249 — —— 3. 51175 
m So is Radius — — — 10. tee 


5 — — 


) Then _ - Þ na 59 38 the higher Elevation. [1 
= = 


224% 22“ the 11. Elevation. 
PR O- 


* 
— ee 
po 
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PROBLEM XXXI. 


Given a Pieces Pandim: wade at a known Fl:wvation on a 
Plane of a given Deſcent, to find the Picce's Dirc&iom to 
hit an Olject at a known horizontal Diflance. 


RU LE. 


To the natural Tangent of the given Elevation add the 
natural Tangent of the Plane's Deſcenc, and ſee what 
Angle anſwers to that SUM, from which take the Plane's 
Deſcent, the Remainder is a /ecerd Angle, the Sum of the 
Plane's Deſcent and ſecond Angle taken 1 from 180% leaves 

a third Angle. 

As Sine of the third Angle is to the Sine of che ſccond 
Angle, ſo is the deſcent Random to a fourth Number; 
as The fourth Number is to the horizontal Diſtance, ſo 
is the Sine of twice the given Elevation to che Sine of dou- 

bie the Elevation required. 


+ XAT le. 


There is a Plane whoſ: Deſcent is 100, and the Ran- 
dom of a Piece made on that Plane, at an Elevation of 
42% was 7200 Feet; it is required to find the Direction 


of the "IEA Piece, to hit a Battery on the Plane of the. 


Horizon that is 5880 Feet from you? 
To natural Tangent of 429=.90040 
Add natural T angent of 109, 17632 


The Angle anſwering i is 2470 & 1. 
From 479: 6 From 1800 
dale ro: 0 „„ 
Second 2 37 6 132: 54 third E. 


As Sine 1329 54 — — 2 9.86483 


Ts tO 7 6 3 1 — — — 9.78046 
80 is 7200 — — — — — 3.85733 


To 5928 7 a fourth Number — — 3.77296 


— —— 
= — 


G1 


[1453-1] 
As 5928 25 _ >, 3.77296 


Is to 5880 — — wm — — 3.76937 
So is Sine (42K 22) 84% — — 9.99701 


F 1 e 9 99402 


/ 


| 809 31 | 3 
Then 7 240 157 the Direction required. 


PROBLEM XXXI. 
Given the greateſt Impetus of a Piece to Jud the leaſi Ju- 


petus, to hit an Ol ject at a enocon Diflaxce, on a FINE | 


ihe a given Deſcent. 


R:U-L:E. 
"Jn Radius f is to the Sine of the Plane's Deſcent, fo is 
the Object's Diſtance to a fourth Number; half the Dif- 
; ference between the ObjeRt's Diſtance and the fourth 
f Number, is the leaſt Impetus required. 
n Example, 
* 


Suppoſe the greateſt Impetus of a twenty four Pounder 
be 6000, it is required to find the leaſt Impetus to hit an 
Object whoſe Diſtance is 4600 Feet on a Plane 4” £2 
below the Level of the Picce ? 


As Radius — — — = — 10.00000 


Is to the Sine of 14 5 2 . 9. 409 20 
So is 4600 — — — — — 3.65275 


— — 


To 1180 a fourth Number 8 3.07195 


Then e. =1710 the leaf Impetus. 


PROBLE u XXXIIL. 
Given the Impetus of a Pizce, placed on a Pla ue evho/e 


He ght above the Herizon 7s alſo given, to find the Ele- 
vation to hit an Obect at a given ho izontal Diſtance. 


RULE 


A3 


* 
_ 3 — 
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3 RULE. _ 

As the Object's Height above the Horizon, is to the 
horizontal Diſtance, ſo is Radius to the Tangent of dou- 
ble the Angle of Elevation, half whereof is the Elevation 
required, 8 5 9 

<p „„ Example. N 
Admit the Impetus of a twenty four Pounder be 6000 
Feet, planted on a Rampart 410 Feet high, above the 
Plane of the Horizon, it is required to find the Elevation 
of the ſaid Piece, to hit a Battery whoſe horizontal Diſ. 
tance is 5200 Feet? | . | 


o — 2.61278 ; 


Is to 8200 — i . 3.71600 
80 is Radius —— — 10 00000. 


To Tangent of 850 20 a 1.10322 


RR $e® 20" 3 WE 3 
Then W =42* 44 the Elevation required. 
PROBLEM XXXIV. 


| Given the greatefi Random in Feet of any Piece of Artillery, 
to find the Time of the Balls Flight, | 


ö 


Half the Square Root of one fourth of the greateſt 


Random in Feet, is equal to the Time of Flight in Se- 
conds. 1 55 8 
| Example. 

Suppoſe the greateſt Random of a twenty four Pounder 
be 15000 Feet, to find the Time of the Ball's Flight, i 
reaching the Object? | 

Firſt, a fourth Part of 15000 1$=3750. 

And the Square Root of 37 50861. 


Therefore S zel Seconds, the Time required. 


P R O- 


rec 


42 T but TD — 


2 


eſt 


de · 


der 
1B 
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PROBLEM XXXV. 


Given the Impetus, Pieces Elevation, and the Elevation of 


the Object above the Level of the Piece, to find the Time 
of Flight, | | 


ATEE:S 
Take the Obje&'s Elevation from the Piece's Elevations 


and note the Difference, and take half the Square Root of 


the given Impetus in Feet; then ſay, as the Coſine of the 


Obje&'s Elevation above the Level of the Piece, is to half 


the Square Root of the Impetus, ſo is the Sine of the Dif- 
ference, to the Time of Flight in Seconds. 


Example. | 
There is a Plane ſtanding 129 zo“ above the Level of 


my Piece, on which is fituated a Caſtle, I want to adjuſt 
a Fuſe for a Bomb to ſtrike the Caftle, when the Impetus 


of the Piece is 4900 Feet, and the Elevation is 44% 30, 
required the Time of Flight ? „ 

From the Piece's Elevation 44: 300 

Take the Object's Elevation 12: 30 


The Difference is — — 32: O0 


The Square Root of 4900 is 70, and half 70 235. 
As Coline 122 3o' — — — 9.98958 


IO 3g. on: — — — 1.54406 
So is the Sine of 329 — — — 9.72421 


To 19 Seconds: = oe, es 1.27809 


The foregoing Problems ſeem to be the moſt material 


that can occur in the Firing of Artillery, and by what is 
already done, may other Problems be anſwered that 
ſhould happen in Practice, for hitting Objects, whether on 


a level Surface, or placed above or below the Level of the 


Piece. 5 | : 

When any Obje& is to be borabarded on a horizontal 

lane, Engineers generally elevate the Piece to 45, and 
8 | E then 


— —Eꝛů— 
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then increaſe or diminiſh the Charge of Powder, till the 
Object aimed at can be hit; and by this Method of pro- 
ceeding much Powder is ſaved ; for at 45 Elevation the 
Velocity is leſs, and conſequently requires a leſſer Charge 
of Powder for a horizontal Random, than at any other 


Elevation; if the Piece be levelled below 45 „ and the 


Bomb does not fall to the Diſtance required, the Piece 


muſt be raiſed a little, but if the Bomb falls beyond the 


Object aimed at, it muſt then be lowered a little, and by 
theſe Trials the proper Elevation may eaſily be acquired, 
When you have found the proper Elevation, then fix it in 
that Direction, and you will throw very near the Object, 
1 ſay very near, for there often happen Circumſtances, 
which alter the Flight of the Bomb, becauſe it is ſome 
difficulty to charge a Mortar in a hurry, exactly in the 
ſame manner, ſo as to make it correſpond with ſtrict ma- 
thematical Rules. 8 | „ 
When any Buildings are to be bombarded, it is bettet 
to elevate the Piece above 45 Degrees, than under it, for 
then the Bomb riſes to a greater Height, and conſequent- 
iy falls with a greater Force, and will do more damage; 
and the greater the Charge the better they ſucceed; bun 
more than ſufficient to burſt the Bomb, cannot produce 
any advantageous Effect. 


But when it is required to throw Bombs amongſt | 


Parcel of Men, level the Mortar below 45 Degrees, for 
then the Bomb will have leſs force, and will not go ſo far 
into the Ground, and the Splinters occaſioned by its Ex- 


ploſion will do more Execution; but increaſing or leſſen- 


ing the Charge of Powder is better, and then you will 
have no need to alter the Elevation, | 
Ihe greateſt Diſtance to which a Bomb of five or fix 
hundred Weight can be thrown with the ſtrongeſt Charge, 
is between two and three Miles. | 15 


I H E Problems propoſed in the foregoing Pages being 
ſolved in a practical manner, without ſhewing the Inveſti- 
gation of their ſeveral Rules from the Theory, I thought 
to have added no more, but to pleaſe ſome Part of my 
Readers, who deſire to ſee into the Theory of Projectiles, | 
Mall here inſert from the Harmonia Menſurarum of the ce- 
jebrated Mr Cases, an Engliſs Tranſlation of "ou ” ir 
_— elivere 


in 


Th 


i. The Carve os ſcribed by the Motion of a Body pr ojedted oblique- 
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delivered at Page 975 concerning the Motion of rojecles 
in a non- reſiſting Medium, vix. 


THEOREM, 


ly is a Parabola, and the Velocity of a Projefile in any 
point of the Parabola is ſuch, as a Body acquires in fall- 


ing down the fourth Part of the Parameter belonging to 
that Point taken from the Vertex. | 


Suppoſe the Projectile be thrown from A to E, (Fig. 3.) 
that is, let AE be the Line of Direction, and ACD be 


the Curve deſcribed: Let A E be the Space which the 
Projectile would deſcribe in any given time, by means of 


the Force impreſſed, ſuppoſing it had no Motion down- 


ward from the Force of Gravity. And let AB be the 
Space through which it would deſcend from A towards 


the Center of the Earth in the ſame Time. By compleat- 
ing the Parallelogram E A B C, it will eaſily appear that 
the Projectile by the Compoſition of Motion at the End of 
the given Time will be found in the Point C. But AE 


is as the Time in which it is defcribed, conſequently 


AD“ or BO: is as the Square of the Time 2 (by . 
deſcent of heavy Bodies) therefore AE* or BO: is as A 


B, wherefore the Points C of the Curve deſcribed througli 


which the Projectile moves are in the Parabola, whoſe 


Diameter is AB, Vertex A, and the Parameter ng 


B AE ( 
the Vertex A is BE. and 


A EC 


| The Velocity of a Projectile in any Point A is ſuch as 
would carry it from A to E in the ſame Time that a Body 
would deſcend from E to C, and the Velocity acquired by 


this deſcent from E to C 1s to that Velocity whereby the 


* gth A E would be deſcribed in the ſame Time as EC 
£ 10 E (by Theo. 1. deſcent of heavy Bodies) wherefore 
he Velocity acquired in falling from E to C, is to the 


Velocity acquired in falling down the fourth Part of 
4 


the Parameter, namely EC Is . in the . Ratio 


of the Length EC to the Length © "= (by Theo. 2. deſc, 


7 | Bodizs) | 
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Bodies) that is, as the Square Root of E C to the Square 


LAþ, 5 | 1 | | 
Root of EN „which Square Roots are to one another as 


EC to 1A E, wherefore the Velocity of a Projectile in the 
Point A, is ſuch as a Body would acquire in falling through 
a fourth Part of the Parameter belonging to the Vertex A. 


©. E. D. 


Corollary 1. If a Projectile be thrown according to the 
Direction A E, and the Parameter of the Parabola which 
a Projectile deſcribes belonging to the Vertex A be equal 

2 


to 172 „this Parabola will paſs through the Point C. 


Corollary 2. In the ſame or different Parabolas, the 


Parameters belonging to as many Vertices, are to one ano- 


ther n the duplicate Ratio of the Velocities, wherewith 
Projectiles are carried in thoſe Vertices (by The. 2. deſc. 
Bodies). | : VVV . 


Corollary 3. Wherefore in any Parabolas whereſoever, 


if the Inpelus's are equal, or the Motion of the ſame Pro- 
jectile, or ul Velocities of different Projectiles, the Pa- 

rameters wil 

agg the Direction of the Motion ſhall be in thoſe 
laces. N | ny 


PROBLEM. 


Given the Velocity wwherewith a Prejectile is thrown from 


any given Place, and alſo the Poſition of a Mark, to find | 


the Direttions to hit that Mart. 


The Velocity being given there will be given the Para- 


meter of the Parabola which the Projectile deſcribes For 
it is manifeſt by the above Theorem, if a Body deicends 
o far whilſt its given Velocity in falling be acquired, the 
Height by this deſcent will be equal to a fourth Part oi 
the Parameter. 5 | | 


Let C be the Mark ſituated in the given right Line AC, 


(Fig. 4.) at A, the Place from whence the Projectile 1s 
to be thrown, erect AP perpendicular to the Horizon, 
and equal to the Parameter found at the Point A, (for the 


Parameter is given, fince the Velocity wherewita the Pro-, 
jeRile is caf from the Point A is giren; for it is equal to 


ſour 


always be equal, and vice vers, howſoever 


was, LY. Wa OY © 


n 
four times the Height from which a Body muſt fall in or- 
der to acquire that Height.) Let AP be biſected by the 
Line K H, cutting it perpendicularly in G, at A erect A 
K perpendicular to A C, and continue it till it meets in 
K, from K as a Center, and with the Diſtance K A, de- 
ſcribe the Circle AH F. Laſtly, let the right Line BC 
EI be drawn perpendicular to the horizontal Line A B, 
fo as to paſs through the Mark C, and if poſſible to cut 
the Circle in E and I; AE and AI will be the Direc- 
tions ſought, in either of which the Projectile being thrown 
with the given Velocity will hit the Mark. . | 
For if PE, PI be joined by reaſon of the ſimilar Tri- 
| | | 2 
angles PAE, AEC, PA will be equal to 10 for PA 


AE: : AE: EC, and PAX ECS AEX AE, there- 


2 


fore PA Likewiſe by reaſon of the ſimilar Tri- 


Ee 


355 i 55 I ; 
angles PAI, AIC, PA will be equal to —, for PA: 
| | | IC | 


AI:: AI: IC, wherefore, ſince PA is equal to the Pa- 
rameter at the Point A of the Parabola which the Projec- 
tile deſcribes, it is evident by Corollary 1. of the above 
Theorem, that this Parabola will paſs through the Mark C. 
Corol/ary 1. It is manifeſt that the right Line AH bi- 
ſects the Angle CAB, which meaſures the viſible Diſ- 
tance between the Mark and the Zenith. 8 | 
Corol/ary 2 When the Points E, I, coincide in H, or 
te two Directions AE, Al coincide into one Line AH, 
ten AC the Diſtance of the Mark becomes AK, a max:- 
num, that is the greateſt Diſtance or Random that can be 
paſſed through with that given Velocity. Wn, 
Corollary 3. Any two Directions AE, AI either of 
which may be made to the ſame Mark, are equally diſtant 
om the Direction AH, that is, the Angles EAH, IAH 
are equal, | 7 
Corollary 4. The horizontal Diſtance of the Mark AC 
or AB, is as the Sine of double the Angle of Elevation 
EAC or IAC. For if the right Line CE meet the 
right Line GH in F; AC cr GF will be equal to the 
Sine of the Arc AE or AT, which meaſures double the 
Angle EAC or l AC (Fig. 5. AS 
| . — Pop Corel. 
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Corollary 5. But Ax the greateſt Diſtance of the Mark 
ſituated in the horizontal Line A g 1s equal to A G half 
of the Parameter, and conſequently is given, and this 
Mark à may be hit, when HA- the Angle of Elevation, 
is half a right one, or 45 Degrees. 

Corollary 6. If a Projectile be thrown according to the 
Direction of AE, the Altitude of the higheſt Point of the 


| Parabola which the Projectile deſcribes above the Horizon, 


will be equal to ZEC For if AC be biſected in T', and 
FR be drawn parallel to CF, cutting AE in R; AC 
will be an ordinate to TR, the Axis of the Parabola, 
which its principal Vertex will divide into two equal Parts 
in V; wherefore the Altitude TV is equal to TR or 3C 
E, but when CE is the verſed Sine of the Arch AE, or 
of double the Angle CAE, it is manifeſt that T V, the 
Altitude of the Projectile is the verſed Sine of double the 
Angle of Elevation. | rs | 
Co ollary 7. But the greateſt Altitude of a Projectile 
thrown according to the Direction AP, perpendicular to 
the Horizon, will be equal to g of the Parameter AP, and 
conſequently is given; for in this Caſe AE, EC coincide 
With the perpendicular Direction AP, the Altitude TV, 
or 42 EC, will now become ZAP. | | 
Corollary 8. The lime wherein a Projectile, thrown 
according to the Direction AE, will be carried from A 
10 C, is as the Chord AE or as ZAE, that is, as the Sine 
of the Angle of Elevation EAM f 
Corollary q. But the greateſt Lime when a Projectile is 
thrown according to the Direction AP, which is perpen- 
dicular to the orizon, is the ſame as a Body will deſcend 
fem P to A, throre': the whole Parameter, and conſe- 
quently is given. tor in this Caſe the Projectile aſcends 
in a right Line to the Altitude ZAP, that is, will riſe to 
a fourth Part of the Parameter, and then deſcends from 
the fame Altitude; and the Times of Aſcent ard Deſcent 
taken together, make twice the Time of the Deſcent 
alone. | 33 | 
Since the Writing of the above, Mr Emerſom's Principles 
of Mechanics came into my Hands, where I find at Page 
23 to Page 37, he has elegantly treated the Subject of 
P. oje iles, and ſeems (o have rendered that Subject quite 
compleat, by adding a new Propoſition to the other, from 
which he deduces two general Scholia which anſwer by 


01 


0 3 — 1 
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the ofual Queſtions in the Doctrine of Projectiles: for all 


the foregoing Problems I compared with his Scholia, and 
I found the Anſwers exactly agreed, though quite diffe- 
rent in their Solution. 


The firſt is deduced from his general Propoſition of 


horizontal Diſtances of Proje#tions, made with any Velocities, 
and at any Elevations, where for brevity's ſake he puts 
o=Velocity of the Projectile, meaſured ty the Space it 
| paſſes through in Time 1. 
— of a Body by Gravity in the ſame Time, 
x=AE, the horizontal Diſtance, or Amplitude. 
_ 77 the Elevation VAE. 
A dine 
 B=wer/. Sine 
Height of the perpendicular Projection With the V. elocily 
, (Fig. 6.) 
Scnolivm. 


of tawice, the E 1 


Then þ=Z os whence 
4/ 


Dt; eh 


Horizontal Diftance= 7 =ach= 2Ah, 
Alituds of the Projection ir % abi. | 
Time of Flight =— = = 21/5. 


From the Data + any CARD in Projectiles, may the 
unknown Quantities be found by thoſe that are known by 
an eaſy Reduction Ae for Inſtance this: 


PROBLEM XXXVI. 


Given the horizontal Diſtance at a 3 * to find © 
the Picce's Impetus, or perpendicular Pi jection, Altitude 


e ien, Time of Flight, and Velbcity of the Ball. 


Example. 
Let a Ball be projected at an Angle of 32 Degrees Ele- 


vation, whoſe horizontal Diſtance was found to be 2000 


Feet, what is the Piece's Impetus, Altitude of Projection, 
Time of Flight, and Velocity ? 


| Here 
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Here 5=. 52091 the nat. Sine 
c=.84804 the Coſine 
ib Feet, the Space a Body falls in 1 Second. 


of $2 the Elevation, 


k odo Feet, the ho:1zontal Diſtance, _ Gi 

Then | 1 | 4% x by the Scholium. 95 3 

| 5 | 3 * 8 EE | / 
1-=4c | 2 — 1112.6 the perp. Shot, e 

But | 3 | 5þ=312.4 the Altitude of roje ct ion. 3 


And | 4 | 25 /==8.79 Seconds, the i 1me of Flight, Pla 


1 5 | | „ nor 
Alſo 5 s. 1 
47 city 
XA, o vrmafh. 1 
6w2 7 heit 53 Feet in A Second, nie : 
BY | Velocity. | | 
| The other Schelm is deduced from his general ! P ropo- Z 
fition of the Dif ances of Proefions made on inclined 
Planes. 2 
Where AB denotes the inclined Plane, (Fig. 7) AC the "3 
i Direction of the Projectile, AZ the Zenith Line, AEB boy 
| the Path of the Ball, ana let . 
| v=Velecity of the Projettile in A, meaſur ed by the Space * 
| gt. deſeribes in the Time 1. 
pace deſcribed by a deſcending Bedy in the ſame Time, . A 
| dine of CAB. 15 
g (Sine of CAL. | | this, 
} 5 ine of AB. | | . 
| K* AE the oblique Difiance or > 9 | D 
| þ= Height of the perpendicular n or pn 4s wy 
| before. | 4 
| SCHOLIUM. — 
1 97 | E15 
| Impetus or e Projection h= — Whence | the 
| | fei 4 io | | 1 , 
Length of the Projedti [ONE — 7 1 5 nah 
4577 2 85 | dow 
Height of the Projection==— 2 "I 
r „ | apo 
| Time of n= = 7 diff: 
For an Illuſtration of the above, take the following os 


PR O- 


O0. 


8 [105.7 - 
PROBLEM XXXVII 


Ciwen the utmoſt Random on an aſcend ng Plane, to find the 
Impetus, Height of the Projection, Time of Flight, and Ve- 
kecity. | | 

Exanile. 


Suppoſe-the Length of the Projection on an aſcending 
Plane is 6840 Feet, being the utmoſt Random of a Can- 
non, to find the Height of the perpendicular Projection, 
the Height of the Projection, Time of Flight, and Velo- 


city. 
Here ſince ZAC = CAB, therefore 
45 5 | | 
He | 
VS ; 
1 ITCOAD 
SIND X Rad. 
. e 5 
= Ax, Height of the Projection. 


X00 . 5 
2 7 7 the Time of Flight. 


As I have been very particular in illuſtrating the forego- 
ing Problem in Numbers, I ſhall not inſiſt any more on 
this, 1t being ſo eaſy to be underſtood. | 


Notwithſtanding what has already been advanced on 
this Subject, the knowing the true Diftance that any Piece 
will tnrow a Bullet at all times, is a Matter ſubject to many 
Uncertainties, fince there is ſuch a Variety in the true- 


neſs of the Bore, in the Levelling ard Directing the Piece, 


the Nature of the Powder taking Fire, and the Reſiſtance 
of the Air, which laſt being a reſiſting Medium renders 
the Curve of the Shot nearer an Hy perbola than Parabola; 
and if any Perſon conſiders the Curve as ſuch, as is laid 
down in the Principia of the illuſtrious Sir ac Newton, 
loas to apply it to Practice, would in my Opinion take 
upon him a very hard 'Faſk ; for it is one of the molt 
difficult Problems in all the Doctrine of Fluxions, to ſhew 
bow far a Projc&ile deviates from a parabolic Track, by 
the Reſiſtance of the Air; for the Principles and Calcula- 

e tions 
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tjons made uſe of on this Occaſion, will in no wiſe be 
fitting to the Experience and Underſtanding of Learners; 
and what makes it worſe ſtill, it can be of no manner of 
uſe in the Art of Gunnery, becauſe it can be reduced to 
no Rules; therefore I have endeavoured to render the 
Subject as plain as I could to Beginners ; I could indeed 
have added ſome Problems, by ſuppoſing the Bullet to 
move in a right Line to a certain Diſtance from the Mouth 
of the Cannon, and then afterwards to deſcribe the Curve 
of the Parabola; but as theſe are not diſpatched in a 
few Words, I have purpoſely omitted them, in order to 
make room for the following Tables, computed from Sir 
Haac Newton's Principles, and applied to the Motion of 
Projectiles by D. Bernoulli, in a Latin Memoir printed in 
Tom. II. Page 338, &c. of the Comm. Acad. Petrop. I 
thought (ſays he) no ſmall Profit would occur to theſe 
Speculations, if J reduced to a Calculation ſome of the 
Experiments made by the excellent D. Gunther before ſome 
Academicians, whence it will appear what ſtupendous Ef. 
fects the Air has upon Bodies of near eight thouſand Times 
its ſpecific Gravity. And from hence the Forces of Gun- 
powder may be exactly compared among themſelves; 
and many other uſeful Things deduced. There were 
_ abundance of Experiments made of divers kinds, among 
which 1 ſhall pick out thoſe that can be ſerviceable in 
this Affair; ſuch as thoſe made with Guns exactly plac * 
in the Perpendicular, and obſerving the Qyantity 
Powder, and the Time of the Globe's aſcending and de- 
ſcending. The Diameter of the Ball was 234 hundred 
Parts of an Engliſb Foot, and made of Iron; its ſpecific 
Gravity to that of Air, as 7650 to 1, ſuppoſing the Air 
all of the ſame Denſity; the Length of the Bore was 
7.7 Feet, whence the following Experiments were made. 


G 
905 


Quantity 
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RES . Height to [Time of riſing 
| of Gun- | Whole Height off Time of | Time of | which the [and falling in 
powder in| Time of [the GlobeſAſcent in Deſcent in| Globe would | vacuo, when 
Ounces | Aſcent &ſin reſiſting] reſiſting | refiſting ſaſcend in vacuo projected with 
| Holland. | Deſcent. | Aw. | Air. Air. with the ſame the ſame 
1: * -— _ Force, Force. 
— 11 | 486 5-42 5.58 34 | 11.6 
"n 34 | 4559 | 14:37 | 19.63 | 13694 | 58 
4 45 | 7819 16.84 |} 28.16 y 58750 | 121 
ate OO UT OC e. = cm, oo CU Ly 2 , 2 2 . on YH R » 


© 
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ty 
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h a Gun 


it 


ts were made v 
f the Bore, and with the 


The following Exper 
ſix Feet the Length o 


Globe. 


juſt 


ſame 
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Both 


5 „„ „ 
Both theſe Tables were exactly calculated; we ſhall 


juſt deduce ſome of the principal Conſectaries therefrom. 
The greateſt Time of Aſcent was 16".84, and in the 
next, the greateſt 'Time of Aſcent was 15”.54, the Dif- 


ference is only 1.3“, and yet the Difference of Heights 
to which the Globe would aſcend in the reſiſting Air is 
not to be neglected, as amounting to 2176 Feet; from this 
alone it is plain to any body, that there is a certain Time 


which the Globe, though aſcending ever ſo high, can 


never exceed; and the greateſt Time for the Aſcent in 


ing 


THEOREM. 


The Time of Aſcent and Deſcent taken together, is greater in 


vacuo than in pleno, the initial Velocities being the ſame 


in both ; likewiſe it may be infinite in beth Caſes, but yet 


infiuitely greater in vacuo than in pleno. 


3 That the Time of Aſcent and Deſcent of a Globe pro- 
jected upwards with an infinite Force in a uniform re- 
lifting Medium, is infinitely leſs than when projected up- 


wards with the ſame Force in vacuo, though the Forces 
of Gravity be the ſame. „„ 


Suppoſing the Forces of Exploſion, or the firſt Veloci - 


ties to be equal and infinite, then will alſo the Height 

to which the Globe will ariſe in vacuo, be jnfinitely great- 

er than the Height it can ariſe to in a reſiſting Medium; 
and yet both of them is here infinite, 

Theſe Aſſertions have been partly demonſtrated already 

in the preceeding Paragraph; but it is worth notice. that 


the Air which we ſuppoſed 650 Times lighter than Iron, 


mould exert ſo great a Reſiſtance upon an Iron Ball, that 


only ſtaying 45” in the Air, it ſhould deſtroy g of the 


N 8 e 8 
Heiglit of its Aſcent by that Force. 


From the foregoing Tables we may alſo gather ſome 
Things concerning the Force of Gunpowecr. Here the 
Forces impreſſed upon Balls are as the Heights to which 


the Globes would aſcend in wacuo. In the firſt Tabie 


we find theſe Heights to be as 13694 to 541, or nearly 


as 26 to 1; when the Quantities of Powder were as 4 
to 1. Whence it appears, that the Strength of Powder 


in driving a Ball, increaſes far faſter than in proportion 


1 reaſon 


our Globe is 19“. 27, whence is confirmed the follow- 


to che Weight of the Powder; and I can ſee no other 


Ek . ˙—ꝛ-̃ irony TOI. 1 


7 
: 
I 

| 


EE SENS 


than the Elaſticity of the common Air. 


1 270-4 
reaſon for it than this, that a great Part of the inflamed 

Powder f11.:s through the Touch hole, and between the 
Bali and the Barrel; and that this uſeleſs Part of the Pow - 
der is in a far leſs Ratio, when a great deal is fired, 


than when only a little But this may Le collected from 
Experimente; conſidering the Powder as Air exccedingly 


conderfed, that is, that force of Air very much condenied 
Increaſes in a much greater Ratio than the Denfity ; for 
by Calculation I found, that Ar oo Times denſer than 
in its natural State, was at leaſt coo Times ſtronger 


1 ſhall here annex ſome other Ex; eriments made with 
a Mortar. ( 
The Diameter of the Mortar=1.0; Feet Enghjp. 
Diameter of the Ball . oi Feet. . 
Weight of the Ball S200 Pounds Hellaud. 


Quantity of Powder 
in Pounds Hollaud 
[lime in Seconds | 


IN | hy 


5 0 


the Globe ſtaid in 
mm 


— _— — 


l ? 

Thus far D Bernoulli; as he never meddles with Pro- 
jectiles I thought his Memoir but of ſmall ſervice here, 
becauſe it is only upon perpendicular Shots, but I thought 
his Tables of Experiments might be of ſome ſervice. 

I ſhall here obſerve this is the only Perſon, Mr Robins | 
ſays at Page ;1 of his Preface, that has conſidercd the Ac- 
tions of the Air cn military Projectiles, founded on Neww- 


—— 
— — 
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jens Doctrine, but 1 can ſee very little in Berngulli's Me- 


moir worth reading. For in the firſt Part he lays down 
ſeveral Hypotheſes concerning the Preſture of Fluids, and 
by ſome Experiments he ſays, he comes at laſt to this, that 
the Preſſure of any Column of a Fluid is juſt equal to the 
Weight of it; at the End he calculates the Reſiſtance ot a 
Curve or Solid in a Fluid, in a Curve he ſays it isl. : s 
and in a Solid, that the Reſiſtance is to the Refiſtance of 


7 * 1 PY | 5 
f "7 «.-.tO of £2 3 according to 
244 2 6 


2 


zhe Baſe as the Fluent 0 


Our 
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our way of Notation : Bat the whole Memoir i is wrote in 
the diferential Method, in an unintelligible manner. NOW 
all this ßirſt Part is e'egantly calculated at Page 254 of 
Mir Late, ſon's Fluri 10. But Perroulli abſurdly calls Reſiſt - 
ance by the Name of Pre hure. 

in the ſecond Part he {penis a deal of Time in finding 

the greatet Velocity a deſcending Globe can acquire in a 


| Fluid * comes to "Ga ſame Concli ſion as Sir /anc Necw- 


„ Cor. 2. Prob. 38. B. II. Ihen afterwards he pro- 
noſe to end the Reſiſtance of Ships in the Water, in the 
finding of Which he takes as many Things for granted as 
he thinks fit, but would have the Refiftance fcund by 
Experiment of Men drawing a Ship; all the Calculations - 
be here gives contain nothing but what f is common; this 


Part he ends by exploding Carſeſcus s Vortices, and tne 


Deſcent of Bodies upon this Hypor) neſs. 

Ihe whole Defizn of the third and fourth Parts, is only 
to find the Motion of Podies afcending and deſcending | in 
a Fluid; and this has been dere by a great many People, 
efpectaily at Page 288 Cf £7:on/n's. Hluxlons, in à more 
elegant, ſhorter and plainer MathoJ-; ] can ſce no ute 
any Part of this can be of in the Art of Gunnery, fur 
no Body ever ſhoois perpendicular with great Guns. 

Mr Robins's Book, or New Principles of Gunnery, is 
very good Thing, and the Experiments teem to be 3 
with great Care; but Bernculli differs from him in ſeve- 
ral Things, for he makes the Reſiſtance as the Square of 
the Velocity, but Mr Rebirs makes it more. Bernoulli allo 
ſays, that the Force of Powder (condenſed as Air con- 
denſed) increaſes in a far greater Ratio than the Denfity ; ; 


but Mr Robins ſays, Page 7, that its Force is as its Den- 


fity. Thus have I given a ſhort Account of this Memoir 
of Bernoullis. 


Having a little ſpare Room, ſhall inſert here a Problem 


with its Solution, for the Entertainment of my Readers, 


to determine the Velocity of a Bullet, though of no mate- 
rial uſe at all in 1 the Art of Gunnery. 
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PROBLEM XXXVII. 


| Given the Dimenfions of any Piece of Artillery, the Denfity 


of its Hall, ard the Quantity of its Charge, to determine 
the Velocity which' the Ball avill acquire from the Explo- 
fron, ſuppofing the Elaſticity of the Powder at the firſt In- 


| SOLUTION, as 
It hes been proved by Mr Robins, that the Quantity of 
the Preſſure exerted by Gunpowder at the Moment of its 


Explofion, has an Elaſticity 9994, or in round Numbers 


1000 times greater than «om::on Air; and ſince common 
Air by its Ejaiticity exe:ts a Freſſure on any given Surface 


equal to the Weight of the incumbent Atmoſphere with 


which it is n Equilibrio, the Preſſure exerted by fired 
Powder before it has dilated itſeh, is ooo times greater 
than the Prefiure of the Atmoſphere. Now in order to 


ſolve the Problem, the two following Principles muſt be 


— | | 
J. That as foon as the Bullet is got out of the Piece, 
the Action of the Powder cn the Bullet ceaſes. | 
II. That all the Powder of the Charge is fied, and 
converted into an elaſtic Fluid, before the Bullet is ſen- 
libly moved from its Place. Theſe being premiſed 
Let AB (Fig. 8.) be the Axis of any Piece of Artil- 
ery, A the Breech, B the Muzzle, DC the Diameter ot 
the bore, DEG Ca Part of the Cavity filled with Powder. 
Let AF:=a, AM x, A Bb, and vg Velocity of the 
Ball at M, == 16 f Feet, c 3. 1416, 4 Diamcter of the 


Bore, or of the Ball, in Inches, w= Weight of the Bai! 
in Pounds; then ſince by Experimente the Preſſure of the 


Atmoſphere upon a ſquare Inch is 14 Pounds, therefore 


Md. as ALLE orce of the Powder at F „and 


1 . 14% , wyoonardd pee of the Po- 


der at M; now by Schol. Page 13 of Mr Emerfen's Me. 
chanics, * F x, and in a falling Body the Velocities 


generated are ap the Times, or as Spaces uniformly de. 


- ſcribed 


1 95 
ſcribed in theſe Times; therefore 2; (Space): 2. (Velo- 
city) : : x (Space): x=Velocity generated by a falling Body 
in the Time of deſcribing x ; therefore in the Caſe of 4a 
falling Body, writing 25, 5 ao, for wv, D, F, and in 
ee, ac, 


Caſe of the Ball, writing 


for F, in the gene · 


ral Proportion (vw O F) it will be 25x: a0 :: VO; 


14000 acdd . 14000ncadssx 


— 7 . therefore v =” 2 50 , and the 


8 255 14000 ac 4 ds 


& Log: x. But in F, x=a; 


2 UW. 


—14000acdads_ 


and corrected it 15 * 9 | —X Log: 3 a 


d 
9 acdds, x 


= 08 = And when * S b, 2 
. * a. 


, 8 
1 — X Log, —-, the Velocity of the Ball at 
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Bound 25. 64. 5 
4. —— ELEMENTS of TRIGONOCMETRY, 
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| Sines, "Tangents, Secants, Sc. The Doctrine of, and 
the Principles of Plane and Spherical Trigonometry ; all 
plainly and clearly demonſtrated, 890. Price 45s. Bound. 


5, ——— DOCTRINE of FLUXIONS ; not on- 
ly explaining the Elements thereof, but alſo its Applica- 
tion and Ule in the ſeveral Parts of Mathematics and Na- 
tural Philoſophy . | 

N. B. The Second Edition of this Book is now Printing, 

which the Author has improved with large Additions. 


6. Aſtronomical Tables, with Precepts, both in Eng/;/ 


and Latin, for computing the Places of the Sun, Moon, 


Plancts, and Comets. By Eomuny HaLLEy, Profeſſor 
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A new Improvement of the T heory of the Moon, 
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8. Sir Isaac Newrox's Univerſal Arithmetic : or, A 
Treatiſe of Arithmetical Compoſition and Reſolution To 
which is added Dr Hartety's Method of finding the Roots 


of Equations arithmetically. The Second Edition, 890. 
Price 4 5. 
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10. The ſame Bock in Engliſh, 800, Price 4s. 
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Four. th Edition, 820. 
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14 Panegyric on Sir Isa NewrTon, tranſlated from 
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A Diſcourſe concerning the Nature and Cettainty 
of Hir I«sazac NEtwron's Method of I luxions, and of 


prime and ultimate Ratios. Py the late BENDAuIS Rozivs, 


F. R. S. der. Free 15, Cd. 


156. An Abſtract of Sir Isaac Newrox's Chronology of 
Antient Kingdoms. By Mr RED, 840. 


17. Geomctria Organ ga; five Deſcriptio Linearum 
Curvarum unt.citalis. Audtore Colixo Mac Lavugin, 


R. S. 8 40, 
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3 GRAVE SsANDE's Mathematical Elements of 
N 00 Fhiloſophy confirmed by Experiments, Tranſ- 


lated by Dr e 2 vol. 470. with 127 Copper. 
Plates. | 


_——_— Explanation of the Newtonian 
Philolophy 8. | 
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with 32 Copper: . 


- Eflay on TO Bos, 


22. The Religious Philoſopher : or, The right Uſe of i 
cContemplating the Works of the Creator, deſigned for 


the Conviction of Atheiſts and Infidels. The F ifth Edi- 
: Gion, adorned with Cuts, in 3 vol. 80. | 


25. STONE's New Mathematical Dictionary, 890. 


26. - Tranſlation of the Marquis de L' HosrIral's 
Mahed of Floxions, both Direct and Inverſe, 879, 


ee 


% 
% 


75 
. 9 6 


— < 


* 
/ 
7 
; 
Pd 
, 
# 
. ; | 
. . | 
773.1 
Pe 


NN of | | 


8 W 


Y 


| 


WS. % 
Ds * 
rant * 

LD 


0 


1 


eSPYrOJed 41172 


. 
(C 1 

* 

* 

' 


i 
8 ] e 
,, 9 
7 = Fl 2 * 0 


ae _ 


2557 


4 
* 
U 


bebe on the Hort, ON-. 


ry ; Woh 
=. 2 1 Td e 
$ 1 N p ot” — ant om 8 ty: 


dene 


" WW De -- — 


JocltONI ON LA Detcents 
G 
J's Ws, 


i uM im 
® e, U 


Wo 


F, 


N 8 1 
1 5 / Wy } wy * if "i 
* Foun * : 4 2 We, 1 FALL 2 N 4 100 Wy 


2 bh 


6 — rere 
. re roms e „r K * — ̃ —-— . ena a 
% * 
7 
1 
s 8 
* 
AST 
\ 155 
EA 
* 
Ye 
+ £ 
_ 
$3 
i 
7 
» 2 
0 1 
: 
? 
. 
: Oo 
2 
4 
x 4 : 
? Y 
| | 
z ; 
* 3 
: of 
: 
1 
= 
— 
79 
3 
. 
; 
n 
- 
? 
' 
K | 
x * 
4 
: 4 3 
; EE Le ee rand, | : 
1 . v. > : 
| | I f 
; ; ; i , ba # 
"i * Ys 48 a—_—_ Ao © 1 #486 L es $a 
p 5 
Fr * i 
N * =. 8 * 4 ©. 9 
U 7 * 9 Y * 1 
* g , 4 * 5 X y 1 b 
q "a a x * F J. mY 1 i 


L* „ '® * * 9 "34 | A by 5 g 
Fils þ \ . | 1 
« * 4 e A * 4 . * « 2 o -. = 4 
k 7 
ne — —  — — — n 


8 5 WWWWWGWCGWGGGGGGGG IE "5 6 AE 72 2 2 L : E 


